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(54) Title: METHOD FOR DEODORIZING POLYOLEFIN GRANULATES 

(54) Bezeichnung: VERFAHREN ZOK DESODORIERUNG VON POLYOLEFINGRANULATEN 
(57) Abstract 

The invention relates to a deodorising apparatus, wherein a polyolcfin granulate is rinsed with a gas mixture consisting of water 
vapor and air, a gas mixture consisting of water vapor and nitrogen or with pure water vapor. The resulting potyolefln granulate exhibits 
substantially enhanced properties in terras of taste and smell which are preserved in molded bodies produced thcicfrom. 

(57) Zii«&mmenlbssung 

In ciiucr Dcsodorierungsappar&tur wird Folvolefingisnulat mit einom Gasgenrisch aus Wasserdampf und Loft, einem Gasgemiscli aus 
Wassemdampf imd Sticfcstoff Oder mit jelnem Wassetdampf umspttlt Dadurch wird crrcicht, dafi das Poryolermgrannlat deutlich verbesserte 
Geruchs- und GeschTrtacfcseigensch&fto aafweiist, die in daraus heigcstellton Foimkorpcm criialtoa blcibsn. 
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V£>rf ahren zur Desodori^rung von Polyolef ingranulaten 
Beschreibung 

5 

Die Erfindung n-etriff t ein Verf ahren zur Desodorienmg von 
Polyolerinen sowie die Verwendung van desodoriertem Polyolef in- 
granulat zur Hersteiiung von polyolef in-naltigen Kunststoxr- 
For^tftorpern mit geringer Geschrnaeks- und Geruchsbeeintrachtigung, 

10 

Aus Polyolef inen hergestfcllte Kunststof f-Forirtkdrper haben sine 
hone technische Sedeutung "and finden, da Polyolef ine als 
gesattigte Konlenwasserstof fe chemisch weitgehend inert sind, 
u.a, vi^lfach itowendung in der Kterstellung van Haushaltswaren 
15 und elektrischen Haushaltsgeraten, als Vetpackungsmateri alien, 
z.B* fur Xieb^nsmittel, sowie als Rohrleitungen, z.B. fur Kalfc- 
und wariroasserieitungen. 

Bei der Herstellung und Verarbeitung von Kunststof frohstof f en 
20 werden einerseits Zusatzstof f e wie Stabilisafcoren, Weictariacher 
u.a. den Polyolefinen beigetxiengt, anderers^its verbleiben in 
geringer Konzentration monomer^ Bausteine zuriick, Obwonl die 
verwendeten Roh- und Zusatzstof f e sowie die Konzentration ver- 
bleibender chemischer Bausteine in den- aus diesen Materialien 
25 hergestellten Kunststof f -Formkorpern lebensmittelrechtlich und 
gewerbehygienisch unbedenklich sind, kommt es dennoch in e.inigen 
£nwendtingen zur Eeeintrachtiguzig des personlichen Geruchs- und 
Geschmackseirrpf indens - 

30 Aus diesem Grunde warden am Desodorierung von Produkten der 
Haushaltswaren-, Kunststoff- r Lack- und Farben- sowie der 
Textil- und Waschmittelindustrie Degodorantien, d.h. Geruchs- 
verbesserungsinittel, eingesetzt, welche die storenden Gerucha- 
und Geschmackaeigenschaf ten lediglich uberdecken. 

35 

Bekannt ist auch ein Verf ahren, Chlorgehalte und L6sernittelrest- 
gehalte bei der Herstellung von Polypropylenpulvern su reduzieren 
(DE A 3025051} . Aus derart behandelten Pulvern werden unter 
Zusatz von Stabilisatoren Granulate kergestellt _ Kunststof f ^ 
40 ^ortnk6rper , die aus diesem Material hergestellfc werden f we is en 
dennoch eine merkliche Geruchs- und Geschrtiacksbeeintrachtigung 
auf - 

Es gibt also bisher kein Verfahren, das di£ bei Polyolef in-Form- 
45 korpern typischen Geruchs- und Geschmacksnoten in befriedigender 
Art und Wei Be verb essern kann, 
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2 



Gegenstand der vorliegenden Erf indung ist sin Verfahrsn sur 
Desodorierung vcox Polyole£ingranuiaten, dadurcii gekennzeichnet , 
daB das Polyolef ingranulat mit einem Gasgemisch aus Wasserdampf 
und Luffc, einem Gasgemisch aus Wasserdampf und Stickstoff (2sT 2 ) 
5 Oder mit reinem Wasserdampf umspiilt wird. 

flberraschend seigt sich, daB Polyolef inigranul at, das von einem 
Wasserdampf /Luft-Gemisich, einem Wasserdampf /stickstof f-Gemisch 
Oder von reinem Wasserdampf umspult wur&e, deutlich verbesserte 
XO Geruchs- und Geschmackseigenschaf tea aufweist, die in den 

beispielsweise durch Extrusions- Oder Spritzgufiverf ahren daraug 
herges tell ten Kunststof f ^Formk6rpern wiedersuf inden sind. 

Das erf indungsgemaBe Verfahren kann in kon tinnier lichem Oder 
15 diskontinuierlichem Betrien bei Norma 1-Druck, erhohtem Druck, 
vorteilhaft bis zu 10 bar, oder vermindertem Druck durchgefuhrt 
werden. Die eingesetzten spezif ischen Dampfmengen liegen awischen 
0,01 und 2 kg Dampf pro kg Polyolef ingranulat , vorteilhaft 
swischen 0,3 und 2 kg Dampf pro kg Polyolef ingranulat . Die 
20 Temper atur liegt allgemein swischen 90 und 150*C, bevorsugfc 

zwischen 90 und 130 D C Das Granulat kann uafl Oder trocken, kalt 
Oder aufgeheist in die Apparatur eingebracht -werden. Die Eehand- 
lungsdauer kann je nach Ausfuhrung des Verfahrens wenige Minuten 
odeir mehrere Stunden betragen. Bei erh6htem Druck, hoher spesifi- 
25 scher Dampfmenge und hoher Teroperatur kann die Behandlungsdauer 
beispielsweise nur 2 bis 30 Minuten betragen, bei anderen ver- 
fahren bis au 48 Stunden. Technisch interessant und vorte.iiha.ft 
ist eine Behandlungsdauer von 1 bis 10 Stunden* 

30 Die Erf indung betriff t aufierdem die Verwendung der nach dem 

erfindungsgemaBen Verfahren behsndelten Polyolef ingranulat e als 
Material zur Beschichtung Oder Herstellung von gefortnten Gegen- 
standen, insbesondere fur die Anwendung als Haushaltswaren und 
Rohr leitungen . 



Zu den erf iridungsgeittaS eingesefczten Polyolef ingranulaten gehoren 
Granulate, die Polyolef ine der allgemeinen Struktur 



enthalten, wobei R 1 und. R 2 jeweils faasserstof f , ein geradkettiger 
45 oder verzweigter gesSttigter aiiphatischer Rest mit 1 bis 
S Kahlenstof f atomen oder eine cycloaliphatische Gruppe ist. 
Dazu sahlen auch Granulate, die Polyolefin-Copolymere enthalten* 



35 



40 
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Bevorzugts Polyolef ine sind Polyethylene <PE) , Polypropylene 
<PP) , Poly (1-buten] e (PB> r Polyisobutene und Poly (4~methyl-l-- 
penhen) e sowie Copolymers aus Ethylen und Propylen (d*h. 
statistische Copolymera und Polyolef in-Kautschuke) , Terpolymere 
S aus Ethyl en, Propylen und Kohl enwass erst of f en, die zwei oder m<s.hr 
nicht-konjugierte Doppelbindungen enthalten (d-h. Folyolefin- 
Elastoaiere) und Mischitngen dus PP, Kautsch.uk und PE, die 
beispielsweise durch Coextrusion (Etttruderb lends) Oder in situ 
(C2/C3-Reaktorblends) hergestellt warden, 

10 

Das erf indungsgemaBe verfahren laBt sich besontiers vort&ilhaf t 
auf Rohrmaterialien aus Folyethylen Oder Polyp ropyl en an^nden, 
insbesondere auf PP-Materialien, die ein MFR (230/5) von 0,4 bis 
2 dg/min und einen Ethylengehalt von Q r Q bis 11 Gew,-% aufweisen 
15 und als Granulat vorliegen. Diese Materialmen werden von ver- 

schiedenen Polyolef inprpdu2ent en angeboten und konnen eingefarbt 
sein oder als Naturware vorliegen. 

Je nach verwendnngssweck konnen die erf indungsgemaB eingesetzten 
20 Polyolef in-granulate auch Eus.atzstof fe, beispielsweise Stabilise - 
toren, Weichmacher, Parbmittel, Liichtschutzmittel, Flainmschutz - 
mitt el, Antioxidant i en Oder Nukleierungsmittei, und/oder Full- 
stoffe, beispielsweise Kreide, Talkum, Glimmer, Glasfaser o:der 
Glaskugeln, enthalten. ._ 

25 

Mogliche Apparaturen sur Durchf uhrung der Desodorierung der Poly- 
olef ingranu late sind Extraktionskolonnen, Stromungsrohre, Filter- 
siebe, Kiihrkessel, Druckkessel, Silos und Wirbelbettreaktoren, 
vorzugsweise aber Ruhrkessel f Druckkessel oder Silos, Gemeinsarfies 

30 Merkmal der erf indungsgemaS einsetzbaren Apparaturen 1st, dafi das 
Polyolef ingranul at in der Apparatur einer was ser damp f behandlung , 
insbesondere einer Wasserdarapf destination oder -extraktion aus- 
gesetzt wird. Dem Wasserdaircpf kann dabei lyuft oder Sticks toff 
2ugesetst warden- Magliche varianten des erf indungsgemaEen Ver- 

35 fahrens sind in den Beispielen ausgefuart. Kennseichnend fur 
das Desodorierungsverfahren 1st die Behandlung von Granulat.. 
Das Verfanren kann aber audi aur Desodorierung von Kunststof f- 
Formkorpern angewandt werden. 

40 Eur Bettrteiluiig der jeweilige Geruchs- oder Geschmacksbeeintrach- 
tigung durch das Polyolef ingranulat wird in einer Geruchs- oder 
Geschmackspruf ung der Geruchs- bzw. Geschmacksschwellenwert (G3W) 
ermittelt. Die Vorschrift ist im Detail in Beispiel 2 wieder- 
^egeben. 
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4 

Die desodarierten Polyolef ingranulate kdnnen verwendet werden 
sur Kersteliung von Hohlkorpern r RjQnrleitungen, v^xpackungs- 
materialmen und -f alien, Filtern, Hygienevliesen, WeiEgerate- 
gehausen (z,B. Kaf f eemascninsn) und Polyolef inplatten Mr den 
5 Apparatebau + B^sonders geeignet sind die desodorierten Poly- 
olef ingranulate fiir die fterstellung von Kalt- und .Warmtrink- 
wasserleitungen, Wasserbelialtem, Trinkbechern und Lebensmittel - 
verpackangen . 

10 Die Polyolef in-Formma&Sfcn koimen durch ubliche Verfahren wis 
Presgen, GleBen, Kalandrieren, Extmdieren, Blasformen, Sprits- 
gu£, etc, in die gewunschte endgultige Form gebracht werden. 



15 



Beispiele 

1- Hersteilung eines Polypropylen <PP) -Granulats 



Die folgenden verf ahrensbei spiel e wrden mit einem PP-Granulat 
durchgef unrt, das gewonnlich sur Hers fcel lung von PF-Ronren 
20 verwendet wird tmd das den Beispielen 1 und 2 der deutschen 

Patentanmeldung 19606510-0 (1996) entsprechend hergestellt wurde. 
Dieses Granulat wurde unter Lurt in einem Zweischneckenext ruder 
bei 300 *Cregranuliert , anschlieBend im Na- Strom bei 1D0°C 
getrocknet und dann noch swei weitere Male regranuliert . 



25 



Bestimmung des Geruens- und Geschmaeksschwellenwerts (GSW) 



Das Granulat wird zunaciist 3 0 Minuten lang mit Leitungswasser 
gespult- 8,5 g nasses Granulat wird in einen 350 ml Erlenmeyer- 

30 Kolben elngewogen. Der Kolben wird auf ein Volunu*n von 250 ml mit 
Prufwasser {= Leitungswasser) auf geftillt und auf 7Q°C im Wasserbad 
erhifczt. Eine Probe des Leitungswassers wird ala Nullprobe bei- 
seite gestellt. Das Granulat wird ita Erlenmeyerkolben mit einem 
mgnetruhrstabchen 4 h bei einer Temperatur von 70*C geruhrt. 

35 Prufwasser und Granulat werden durch Filtrieren getrennt und das 
Prufwasser auf temperiert . 

Es werden folgende Verdunnungen nergestellt: 
Verdunnung 1: 10 0 % Prufwasser 

40 Verduiinung 2 : 50 % Pruf wasgar / 50 % Nullprobe 

Verdunnung 3 : 25 % £>ru£wasser / 75 % Nullprobe 

Verdunnung 4; 12,5 % Prufwasser / 87.5 % Nullprobe 

Geruchstest: tfede Verdunnung wird von mindestens drei Personen 
45 gerochen und jeweils'der subjektive Eindruck notiert* Der GSW 
wird annand nachsteiiender Tabelle 1 bestimmt. Beispielsweise 
ergibt sich ein GSwi, wenn an der Verduiinung X e£n.e schwache 
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Geruchsbeeintrachtigung festgestellt wird und die Verdunnungen 
2 bis 4 keinen Geruch naberu Ein G5W2-4 ergibt sich, wsnzi an den 
Verdunnuixgeil 1 und 2 eine starke Geruchsbeein track tigung fest- 
gestellt wird und die Verdunrxungen 3 4 kfiin<=n erkennbaren 

5 Gerudti liabeu, 

Geschmackstest: Statt einer Gerucnsp:rufung wird eine Geschmacks- 
prurung am Priifwasser vorgenomm^n und der jeweilige Eindruck 
rtotiert- Die Bewertung mit den Noten GSWO bis GSW16 erfolgt 
10 ebenfalls nach Tabelle 1. 



Tabelle 1: Besfcimmung des GSW 



15 



2S 



GSW 


Verdunmnig 1 


Verdunnung 2 


Vennlniiuiig 3 


Verdxumung 4 




nein 








I* 


sckwach 


nein 






1-2 


stark 


nein 






2 


stark 


schwach 


nein 




2-4 




stark 


nein 




4 






schwach 


nein 


4-8 






stark 


nein 


S 








schwach 


8-16 








stark 



*Froben tnit der Eewertung GSWO oder GSW1 gel ten dls nicnt 
nennenswGrt belastet und bekommen das Pradikat "nnb" . Granulate 
30 mit diesem Pradikat sind insbesondere fur die Herstellung wn 
Trinkwasserleitungen geeignet, 

3. Ein graues PP-Gramilat hergestellt nach Beispiel 1 wurde 
in eine Apparatus gegeben, die aus einem aufrecht stehenden 

35 sylinderf ormigen Edelstahlrohr mit einem Durchmesser von 11.9 cm 
und einer Hohe von 103 cm besteht- Die Apparatur ist mit einer 
Wasserdampf zufuhrung, einer N 2 -Einleitung f einem Kondensa- 
tabscheider und mit Einrichtungen fur die. ^emperatur-, Druck- , 
Na-Mengen- und Bampf mengenmessung wrsefeen. Das Edelstahlrohr ist 

40 von aufien elektrisch beheisbar. Nach Einfullen des Granulates 
wurde die* Apparatur mit gespult und auf 100°C aufgeneist- 
Danacri wurde von unten her 1^3 und wasserdampf eingeleitet, wobei 
der K 2 auf ca. 90^C vorgeheizt war. Das Gasgemisch (Dampf und 
Stickstoff) verlieB die Apparatur uber Kopf und wurde verworfen. 

45 Kfacn einer def inierteii Zeit wurde die Apparatur entspannt und mit 
kaltem tf 2 (23°C) durchstromt und abgekuhlt* Dann wurde die Appara- 
tur geoffnet und das FF™Granulat entnommen. 
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Durchf uhrungsbeispiele : 
Versuche 3 (a) -(e) 
Versuche 3{f)-(g) 
Versuche 3 (h) - (i) 

Versuche 3 (j)-{k) 

Versucli 3(1): 



Variation der N2-Menge 
Variation der Behandlungsdauer 
Variation der Tempera tur -and des Dampf- 
drucks 

Variation der Dampf mange und der Behand- 
lungsdauer 

Ersatz des Ng durch Luft 



10 Die genauen ver&uchsdaten sind in Tabelie 2 zusammengestellt . 



4* Die einselnen PP-Granulat-Proben aus Beispiel 3 sowie ein 
unbehandeltes PP-Granulat als Refer ensprobe wurden in einem 
Trockenschrank bei 120°C ±m N 2 -Stroiii getrocknet, AnschlieBend 
15 wnrde ein Geruchstest durchgefuhrt. Die ermittelten GSW sind 
in der letzten spalte von Tabelle 2 zusammengef aBt * 



5. Ejs wurde verfahren wie in Beispiel 3, wobei statt des grauen 
PP-Granulats ein FP-Natur-Granulat verwendet wurde, Die Versuchs- 

20 daten sind in Tabelle 3 zusammengesteilt . 

6, Die einselnen FF-Granulat-Proben aus Beispiel 5 sowie ein 
unbehandeltes PF-Granulat als Refer ensprobs wurden analog Bei- 
spiel 4 getrocknet "and einem Geruchs test unterzogen. Die er- 

25 mitteiten G5W sind in der letzten Spalte von Tabelle 3 zusammen- 
gefafifc. 

1 . &s wurde verfahren w^ie in Beispiel 3(e) r jedoch wurde das 
Datcpf /Na-Gemisch nach Durchlaiifen der Apparatur zu 6 0 wieder 
30 von unten in die Apparatur eingef uhrt . Die restlichen 40 % warden 
als Abgasstrom verworfen. Das FP-Granulat wurde analog Beispiel 4 
beurteilt; Testergebnis : G3W0 Cnnb) , 

3. Das Granulat aus Beispiel 1 wurde in eine Dasodor ierungs - 
35 apparatnr gegeben, die aus einem au£rechx stehenden zylinder- 

f 5rmigen GefaB mit einem Durchmesser von 2 rn, einer Hone von 6 m, 
einem Voluinen von 3 8 m 3 , einer Wasserdampf zufuhrung, einer Heifi- 
lufteinleitung, einem Kondensatabscheider , einer Temperatur- und 
einer Druckmes sung, e"iner KeiJ31u£t-&£ngenmessung und einer Dampf - 
40 mengenmessung besteht. Das GefaB ist von auSen elektrisch beheiz- 
bar. Nach Einfullen des Granulates wurde die Apparatus: mit HeiB- 
luft und durch Einbringen von Niederdruckdarnpf auf lOO^C aufge- 
heizt. Ss st elite sich ein Druck von 18 0 mbar ein, Ss wurde von 
unten HeiBluft und Niederdruckdampf eingeleitet. Die Luft wurde 
45 auf ca. SO^C vorgreheizt . Nach einer definierten zeit wurde die 
Apparatur enfespannt und mit durchstromt und abgekuhlt- Pas 
PF-Granulat wurde nach unten aus der Apparatur in einen Gala- 
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d?rockner und von dort aus in einen L Riittelsiebtrockn^j: ge£ahren. 
Die genauen Versuchsdaten sind wie folgt: 



Desodor i erungsappar a t j 
5 Frischdampf : 

HeiJSluft: 
Wasser: 

Temper atur {Darnpf) : 
Temperatur PP-Gramilat Bett: 
10 Uberdruck: 

Dampf verbr aucJi : 

Trockner ; 
15 Durchsats; 

Feuchtigkeit vor Galatrodaier: 
Fe^cntigk^it nach Galatrockner ; 



2500 kg/h 
700 kg/b 
100 kg/h 
125°C 
100*C 
ISO mbar 
12 h 

0,5 kg Darnpf / kg PP 



6000 kg/h 

3 - 4 % Wasser 

1000 ppm Wasser 



Der G3W am Granulat wurde nach. Eeispiel 2 bestimmt. 
20 {rmh) 



I'estergebnis: 



9. Der versuch aus Beispiel 8 wurde in dar . gl&ichen Apparatur 
wiederholt. Die Apparatur wurde ira kontinui^rlichen Betrieb ge- 
fahren. Die Verweilzeit wurde auf 12 h eingestellt. Di£ weiteren 
25 v&rs-dcnsdaten sind wie folgt: 



30 



35 



Desodori erungsappar at : 
Frischdampf: 
HeiBluf t: 

TeKroeratur (Darnpf 5 ; 
Temperatur PP-Granulat Eett: 
Uberdruck: 
zeit: 

Dampfverbr auch : 

Trockner : 

Durchsatz s 

Feuchtigkeit vor Galafcrockner; 
Feuchtigkeit nach Gala trockner* 



40 



2 500 tog/h 
700 kg/h 
125*C 
10 0°C 
180 mbar 
12 h 

.0,5 kg Dampf / kg PP 



60 00 kg/h 

a. 0*7 % Wasser 

1000 ppm Wasser* 



Der GSW am Granulat wurde nach Beispiel 2 bestiromt 
Ergebnis des Geruchstests : GSWO (nnb) 

Ergebnis des Geschmacks tests; GSW0 (nnb) 



45 
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Tabelle 2 : ubersicht tiber Versuche in den Esispielen 3 



10 



Versuch 


ftg] 


Zcit 

[h] 


Menge 
"' [NI/h] 


Dampfinenge 


Temperatux 
E°C] 


Druck 
[bar] 


GSW 


Refeienz 
















a 


2 


4 




1,6 


105 




2 


b 


2 


u 4 


500 


1,6 


105 




0 


i c 


2 


4 


750 


1,6 


105 . 




0 1 


d 


2 


4 


1QQ0 


1,6 


105 




0 


e 


2 


4 


1500 


1,6 


105 




0 


f 


4 


2 


300 


1,4 


105 




1-2 


g 


4 


2 


500 


1,4 


105 




1-2 


h 


4 


2 


100 


1,6 


120 


2" 


0 


i 


4 


2 


300 




120 


2 


0 


J 


4 


2 


1500 


2,4 


120 


2 " L 


0 


k 


4 


5" 


200 


0,4 


120 


2 


0 


1 


"2 


4 


Lnfc 1500 


1.6 


105 


1 


0 



GSWO = "nnb". 



^° Tabelle 2i TJbersicht uber Versuche in den Beispielan 5 

und 6 



25 



30 



35 



Versuch. 


SSenge 


Zeit 


N2 Menge 


Damptmenge 


Temperatur ; 


Druck 


GSW 


[kg] 


M 


[NI/h] 


m 


[°C] 


[bar] 


Referee 














s=iir 


a 


2 


4 


0 


1,6 


105 




2 


b 


2 


4 


500 




105 




0 


c 


2 


4 


750 


U6 


105 




0 ; 


d 


2 


4 


1000 




105 




0 


e 


2 


" "1 " 


bOo 




105 




0 


f 


4 


2 


300 


1,4 


105 




1^2 


g 


4 


2 


500 


1,4 


105 




1-2 


H 


4 


2 


10O 


u 


120 


2 




i 


4 


2 


300 


U6 


120 


2 


0 


J 


4 


2 


1500 


2 ? 4 


120 


2 


0 


k 


4 


5 


200 


0,4 


120 


2 


0 


1 


2 


4 


Luffc 1500 


1,6 


105 


1 


0 



40 
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Pa t ent anspruche 

1* verfahren sur Desodarierung von Polyoief ingranulaten, dadurch 
5 gekennzeichnet, dafi das Polyolefingranulat mit einem Gasge- 

misch aus Wasserdampf und Luf t r einem Gasgemiscn aus Wasser- 
dampf mid Stickstoff oder mit reinem Wasserdampf umspult 
wird- 

10 2* verfahren nach Ajaspruch l r dadurch gekennzeichnist, da£ die 
Behandlungsdauer swischen 2 Minuten und 4S Stimd^ f ins- 
besondere zwischen 1 und 10 Stunden, betragt. 

3. Verfahren nach Anspruch 1 Oder 2, dadurch gekeimzeichnet, daB 
15 die eingesetzte spezifische Pampfmenge zwischen 0,01 und 2 kg 

Dampf pro kg- Polyolefingranulat liegt. 

4- verfahren nach einem der Anspruche 1 bis 3, dadurch gekenn- 

zeichnet, dafi die eingesetzte spesifische Dampfmenge zwischen 
20 0,3 und 2 kg Dampf pro kg Polyolefingranulat liegt. 

5, verfahren nach einem der Anspruche 1 bis 4, dadurch gekenn- 
zeichnet, daB die Temperatur zwischen 80 und 150°C liegt. 

25 6, verfahren nach einem der Anspriiche 1 bis 5, dadurch gekenn- 
seicimet, da3 die Temperatur swischen 90 und 130°C liegt. 

7. verfahren nach einem der Ansprtiche 1 bis 6, dadurch gekenn- 
zeichnet, daS d.as Polyolef ingranulat Polyolefin enthalt, das 

30 ausgewahlt ist aus der Gruppe umfassend Polyethylen, Poly- 

propylene !Poly(l-buten) , Polyisobuten, Poly (4-methyl-l- 
penten) , Copolymers aus Sthylen und Propylen, Terpolymere aus 
Bthylen, Propylen und anderen Kohlenwassers tof f. en, Mischungen 
aus Polypropylen, Kautschuk und Polyethylen oder Mischungen 

35 der zuvorgenannten Bestandteile . 

8. Verfahren nach einem der Anspruche 1 bis 6, dadurch gekenn- 
zeichnet, dafi das Polyolef ingranulat Polypropylen mit einem 
MFR (230/5) von 0,4 dg/min bis 2 dg/min und 0 bis 11 Gew.-% 

40 Polystnylsn enthalt, 

9. Verfahren nacn einem der Anspruche 1 bis 3, dadurch gekenn- 
zeichnetr daB der Wasserdampf, das Wasserdamp£/Lu£t-Gemisch 
oder das wasser dampf/ sticks tof fgexsisch nach Durchlauf en der 

45 Apparatur vollstandig oder teil-weise in di^ Apparatur suruck- 

gefuhrt wird. 
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10, Yerfanren zur Bescnicktung Oder Herstellung von geformten 
Gegen&t£nden, dadurch gekermzeiclmet,. daB man die nach 
einem Verfafrren der .Ansprttche 1 bis 9 benandelten Polyolefin- 
granulste als Material verwendet* 

5 

11. vsrfahrea zur Begoniohtiirig- Oder iterstellung von geformtien 
Gegen.starj.den aus dem Hausnaltswarenbereich und dem Apparate- 
bau, dadurch gekenn2<=icnnet , dafl man di& nach einem Verfahren 
der Anspruche 1 bis 9 behemdeltexi Folyolefingranulate als 

10 Material verwendet* 

12 , Verfahren zur Beschichtung Oder Herstellung von Gef afien 

und Rohrleitungen, dadurch gekennzeichnet , da£ man die naoh 
einem verfahren der Anspruche l his 9 behandelten Folyolef in- 
IS granulate als Material verwendet. 



20 



25 



30 



3H 



40 



45 



Received at the EPO on Jul 02, 2009 1 0:08:02. Page 26 of 93 



02-Hei-2009 10:23 european patent office 0999498923994465 



27/93 



INTERNATIONAL SEARCH REPORT 



A. CLA$£IF[CATK>N OFSUBJECT h/TATTT^ 

IPC 6 COSF6/00 C08L23/00 



Inten. ..-anal Application w> 
PCT/EP 98/01036 



According to lntBmaHpnal_pgtont GrassTflcation(IPC) or to both national daaaMcaflon and IPC 
B. FIELDS SEARCHED 



Minimum documentation saarcftstf (dnssfflcatfon system TQlfowad ^classification symbols) 

IPC 6 C08F 



Documentation searchod other than minimum do cumentatfon JO the extent thai such documents am included In the fields searched 



Electronic data base consulted during the intern atonal search (name of data base and, where practical, searcn terms used) 



C, POCUMEPira CONSIDERED TQ BE RELEVANT 



Category 8 



Citation of document, with indication, where appropriate, of me *eievant 



EP 0 004 601 A (BASF AG) 17 October 1979 
$ee abstract; claims; examples 
see page 3 T line 10 - line 34 

US 4 666 994 A (ZB0RIL VACLAV G) 19 Hay 
1987 

see abstract; claims 

see column 1, line 12 - line 47 

see column 6, line 1 -column 7 S line 16 



US 5 191 062 A CBERNIER ROBERT J 
March 1993 

see abstract; claims; examples 



ET AL) 2 



W0 96 11216 A ( BOREAL! S AS 

; OAEAESKELAEINEN PIRJ0 CFI); KARBASI AMIR 

KIUMARS (FI)) 18 April 1996 

see abstract; examples 



Relevant to o|afm No. 



1-1Z 



1-12 



1-7 



1-12 



| X] ^^"9'' documents are listed in the continuation of box C, 



Patent family members are listed In anna*. 



* Spaclal categories, ot cited dacumentB : 

Q A" dgtyinent dsfininO, the general state of the art which Is not 
considered to he of particular relevance 

"E- earlier document but published oh or afteT me mtamatfonai 
filing date 

"L" document which may throw doubts on priority c5aftn(s} or 
whJcri S Cited to esbblfsh 5he publication date of another 
citation or other Special reason (as apectttBd} 

"□" document referring to an oral disclosure, use, exhibition or 
other means 

"P* document published prior to the International Ming date out 
later than the priority date Claimed 



T' later document published after the intematlonai filing date 
or priority Sate and not in conflict with the application but 
cR&d to understand the principle or theory underlying th& 
invention 

"X" document of particular relevance: the claimed Invention 
cannot be OOnskfered novel or cannot ba considered to 
TnvotVe an inventive etep when the* documomt Js baton alono 

T" document Of particular relevance; the claimed invention 

cannot be considered to Involve an inventive step when the 
document fe combined with one or more other aiich docu- 
ments, such combination bolng obvious to a poison skilled 
In the - nrL 

document member of the same patent family 



tJateot the actual completion of tiro International search 



7 July 1998 



Date of mslllng of thB International search report. 

20/07/1998 



Name and mailing address or the ISA 

European Patent OfHcs, P.S. 5$1 9 Fafantiaan £ 
NL-23S0HVRij3wtlk 
Tel, (+31-^0) 3*0-3040, Tse. 31 651 epo nl. 
Fax: <+31-70> 340-3010 



Authorised officer 



nettier, R-N 



page l of z 



Received at the EPO on Jul 02, 2009 1 0:08:02. Page 27 of 93 



G2-Hei-20G9 10:23 european patent office 0999498923994465 



28/93 



INTERNATIONAL SEARCH REPORT fZ 



C(C0tttrt7Ufltton) DOCUMENTS CONSIDERED TO BE RELEVANT 



inter, onal Application No 

PCT/EP 98/01036 



Category * Citation of document, Wftft fadfcaEon.where appropiiate, of tf» relevant passages 



RfllaViintto claim No. 



US 4 332 933 A (DI DRUSCO GIOVANNI ET AL) 
1 June 1982 

cited in the application 

see abstract; claims; figure 2; example- 

EP 0 739 937 A (HOECHST AG) 30 October 
1996 

see abstract; claims; examples 



1-12 



Form FCT/I5A/210 (oontinuaifwi of £*±6rcd 5ho*t) (July 1982) 



page 2 of 2 



Received at the EPO on Jul 02, 2009 1 0:08:02. Page 28 of 93 



G2-Hei-20G9 10:23 european patent office 0999498923994465 



29/93 



INTERNATIONAL SEARCH REPORT 

Information on potent famtfy members 



Inter., ..,ibnul Application No 

PCT/EP 98/01036 



Patent document 
cited in Search report 



Publication 
Gate 



Patent 1am Ely 
members) 



EP 0004601 



17-10-1979 



DE 2814572 A 



US 4666994 A 



19-05-1987 



AU 
CA 
EP 
IN 
IN 
JP 

ap 
jp 
us 



587022 B 
1277077 A 
0198644 A 
168563 A 
165568 A 
1935165 C 
6062812 B 
61287947 A 
4711923 A 



US 5191062 



02-03-1993 



WO 9611216 



18-04-1996 



US 4332933 



01-06-1982 



publication 



18-10-1979 



03-08- 
27-11- 
22-10- 
27-04- 
18-11- 
26-05- 

17- 08- 

18- 12- 
08-12- 



1989 
1990 
1986 
1991 
1989 
1995 
1994 
1986 
1987 



AT 


128990 


T 


1 c -|rt i nnr 

15-10—1995 


PA 


2079130 


A 


^H-U.s-1993 


CN 


1071933 


A 


12-05-1993 


0E 


69205384 


0 


16-11-1995 


0E 


69205384 


T 


11-04-1996 


EP 


0534480 


A 


31-03-1993 


ES 


2077950 


T 


01-12-1995 


JP 


2767522 


B 


18-06-1998 


JP 


5202114 


A 


10-08-1993 


nx 


9205473 


A 


01-03-1993 


ZA 


9207396 


A 


02-04-1993 


AU 


3655395 


A 


02-05-1996 


BR 


9509319 A 


14-10-1997 


EP 


0785954 


A 


30-07-1997 


AT 


371434 


B 


27-06-1983 


AU 


538417 


B 


16-08-1984 


AU 


5976080 


A 


15-01-1981 


BE 


884110 


A 


05-01-1981 


BR 


8004120 


A 


21-01-1981 


CA 


1139047 


A 


04-01-1983 


DE 


3025051 


A 


08-01-1981 


FI 


802055 


A,B, 


03-01-1981 


FR 


2460966 


A 


30-Q1-1981 


GB 


2053237 


A,B 


04-02-1981 


JP 


56020981 


A 


27-02-1981 


NL 


8003748 


A 


06-01-1981 



Form PCTTISAffilO (patent famfiy annqiyQ (Jiiy 1 932) 

Received at the EPO on Jul 02, 2009 1 0:08:02. Page 29 of 93 



page 1 of Z 



G2-Hei-20G9 10:24 european patent office 0999498923994465 



30/93 



INTERNATIONAL SEARCH REPORT 



?rttormtrtit>n on patent f WnHy members 


Irttor. ^rttd Apptlcall&n bla ' ~ 

PCT/EP 98/01036 


Patent document 
cited in search report 


Publication 
date 


Patent family 
members) 


Publication 
date 



US 4332933 A ZA 6003949 A 29-07-1981 



EP 0739937 A 30-10-1996 DE 19515678 A 31-10-1996 

AU 50S7496 A 07-11-1996 

CA 2175158 A 29-10-1996 

CZ 9601221 A 13-11-1996 

DE 29509146 U 14-09-1995 

HU 9601093 A Z8-Q2-1997 

JP 8301933 A 19-11-1996 

M0 961684 A 29-10-1996 

PL 313998 A 12-11-1996 



FotmrCT7iSrV2io (p^nt farrtiyariMx) (July teas) 



page 2 of 2 



Received at the EPO on Jul 02, 2009 1 0:08:02. Page 30 of 93 



G2-Hei-20G9 10:24 european patent office 0999498923994465 



31/93 



INTERNATIONALER RECHERCHENBERICHT 



A. KLASStFiaEfiUMe PES ANMELDUNGSGEGENSTANDES 

IPK 6 CG8F6/Q0 C08L23/00 



Inter, .onales Aktut^lchcn 

PCT/EP 98/01036 



NftCh der Internatianatgn Fatehtkfasaffikatkm (IPK) Oder naoh dar natlorwlnn Kift35TfiKatiQn und daMFK 
B. RECHEflCHiSRTE GEBIETE 



ReCherthlener MlndostprQfGtOff (Kla&elfikatloraayatoiTi tlnd KlBBBifJkallDnssymbote ) 

IPK 6 C08F 



Recherchlort&a&or nitfrt SSMi MlndeBtprttErioffgflriorande Veratfontliehun^an, sowaft dlesa untor m iwh^rchlerten Geblete Tallon 



W5nr&fid darlntemallonalon Recherche kanauftlertaoloMranfeiriB Daien&aj* (Nama dar Dftfenbank und evtl. varwonetole Suchbegrflfe) 



C, ALSWE5EHTUCHANG5S5HENE UtJTERLAGCrJ 



KategoTie* Bezetemuflg der VeriffeniJichung, soweit arfordBfllch untgr Angafia der in BatrachtkammerKfen Tslto 



EP 0 004 601 A (BASF AG) 17,0ktober 1979 
slehe Zusannrrenfassung; Anspriiche; 
Beispiele 

siehe Seite 3, Zeile 10 - Zeile 34 

US 4 666 994 A (ZB0RIL VACLAV G) 19, Mai 
1987 

siehe Zusammenfassung; Anspriiche 
siehe Spalte l f Zeile 12 - Zeile 47 
slehe Spalte 6, Zeile 1 - Spalte 7, Zeile 
16 

US 5 191 062 A (BERNIER ROBERT J ET AL) 
2*Marz 1993 

siehe Zusammenfassung; AnsprQche; 
Beispiele 



Betr. Ancprudn Nr. 



1-12 



1-12 



1-7 



wqOtarQ Varpfferrtlichungen sind derFortsBbzungvorr Fetti C zu 
entnahmen 



Steha Anh^ng P&terrtfartiine 



D 8a sonde he Kerf egorian von angagabenen VartSrfentllcJiungan : 
k A" v\jitttferrttlcnung r dto <J*n ^Hgameirien Stand der Tacnnte delirflfrn. 
abarnlchtarE bosondars twdfrtftearnanJtusehBn iSt 

altarea Ookumonl, dss jcd*?n arit am odBr nachdem intemationaten 
AniTieJda datum veroftenTllctit warden let 

"L" VeiWfGttttichiJng, die geeignet Fat. etnen Frie>rft5teansprach SWetfelhaft er- 
schalnen zu lasaen, aderdurch Qlq v< ? r« f fa rrUtdiu nggdatum a|ner 
antferen iol Recherchenbericht ganannten VartJTTanincETung belegt weidan 
salt oagr eji»aus einemnndefen beaanderen Qrurcd angogcban 1st (wis 
auagafuhrt) 

n O F VerSffantlichiing, die sich auf alna mundH^hft OfterlbarUngj 

elne Benulzuhg, <jtrwa Ausetoimng flder andara MaBnahman bezEeirt 
"P" Veraffantilchung* dip vor asm imemalfortalen AbmeldedBlum. abar nac& 
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(57) ABSTRACT 

A gaseous mixture of steam and air ? a gaseous mixture of 
steam and nitrogen, or pure steam are phased around poly- 
olefin granules in a deodorizing apparatus. The result is that 
the polyolcfln granules have markedly improved properties 
with respect to odor and taste 7 and these arc retained in 
moldings produced from the granules. 
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1 2 

METHOD FOR DEOW^RrZZNG The polyolefin. granules used according to the invention 

POLYOOH1N GRANULATES ' include granules which comprise polyolcfins of the structure 

The invention relates to a process to deodorize 

polyolefins, and also to the use *>£ deodorized polyolefin 5 Y 

granules to produce pulyolcfLn-contaiiiing plastic moldings c. CH2 

with low tastc-impah-menl and odor-jmp airmen t, " ] 11 

Plastic moldings produced from polyolefins arc of great R a 
industrial importance; since polyolefins, as saturated 
hydrocarbons, are to a large extent chemically inert such 

moldings have 7 inter alia, a wide variety of applications in 10 where each of R 1 and R is hydrogen, a straight-chain Or 

the production of domestic products and domestic electrical branched saturated aliphatic radical having from ;L to 6 

devices, as packaging materially, eg. for foods, and also as carbon atoms or a cycloaHphatic group. Granules which 

piping, eg, for cold-water and hoNwaier supply lines. comprise polyolefin copolymer are also included. 

In the preparation and processing of raw materials for Preferred polyolcfins arc polyethylene* (PE), polypropy- 

plastics, on the one hand additives, such as stabilizers, l5 i cncs (PP), poly-l-butenes (PB) 7 polyisobulenes and poly- 

plasticizcrs, etc. arc added to the pulyolefins, and on the 4-meib.yl-l-pentenes, and also copolymers of ethylene and 

other hand low concentrations of monomeric building propylene (ic, random copolymers and polyolefin rubbers), 

blocks remain behind. ALthough the raw materials and terpolyrners of ethylene, propylene and hydrocaibons which 

additives used, and also the concentration of residual chemi- contain two or more non-conjugated double bonds (ie. 

cal building blocks in the plastic moldings produced from polyolefin elastomers) and mixtures of PP, rubber and ¥B 7 

these materials, are not hazardous under food legislation and ^ which arc prepared, for example, by coextrusion (extruder 

in terms uf industrial hygiene, in some applications the odor blends) or in situ (C2/C3 reactor blends), 

and taste perceived by the individual are impaired, Yht novel process may be used with particular advantage 

For this reason deodorants, ie. agents to improve odor^ On pipe materials made from polyethylene or polypropylene, 

which merely conceal the undesirable odor and taste m particular on PP material which have an MFI (230/5) of 

properties, are used to deodorize products from the domestic 25 &om q i4 Eo 5 dg/min and an ethylene content of from 0.0 to 

poods, plastics, coatings and colorants, textile and detergent n% py weight and are in the form of granules. These 

industries. materials are supplied by various polyolefin producers and 

fhere is also a known process for reducing chlorine ^ay be pigmented or unpigmcntcd. 

contents and residual solvent contents during production of Depending on the application, the polyolefin granules 

polypropylene-powders pE-A-302505l)_ Granules are pro- 30 used according to the invention may also contain additives, 

duced from powders treated in this way, with addition of for example stabilizers, plasticizcrs, colorants, agents to 

stabilizers. Plastic moldings which are produced from this protect against the action of light, flame retardants, antioxi- 

materia^ however, exhibit noticeable odor-impairment and dants or nucleating agents* and/or fillers, for example chalk, 

taste-impairment. talc ^ m£caa gla ^ ntjcjf or gja S5 bcadSi 

It is an object of the present invention to provfde a. 3? Possible apparatus for carrying out the dcodorization of 

process which, in a satisfactory manner^ can improve the the polyolefin granules are extraction columns, flow tubes, 

characteristic odeir and lasts which arc typical of polyolefin filter screens, rnixing vessels, pressure vessels, silos and 

moldings. fluidized-bed reactors, but preferably rnixing vessels, pres- 

We have found that Ihis object is achieved by means of sure vessels or silos. All of the apparatus which can be used 

a process to deodonxe poly olelm ^anulcs, which comprises according to the Invention share the feature that the poly- 

passing a gaseous mixture of steam and air ? a gaseous 40 olefin granules are subjected to a steam treatment, in par- 

rrjixture of steam and nitrogen (I-Q, or pure steam, around ttcular to a steam distillation or steam extraction in the 

the polyolefin granules. ^ apparatus. Air or nitrogen may be added to the steam here. 

Surprisingly, it has been found that polyolefin granules Possible versions of the novel process are described in the 
around which a steamfair. mixture, a steam/nitrogen nrixture, examples. A characteristic feature of the dec-do rization pro- 
or pure steam, has been passed have markedly improved C css is the treatment of granules. However, the process can 
oder and taste prop erties y which are reproduced in the plastic also be used to deodorize plastic moldings, 
moldings produced therefrom, fbr example by extrusion or lb judge the odor-impairment or tastc-impahment by 
injection molding. each type of polyolefin granule, the threshold value fbr odor 
^ The novel process may be operated continuously or or taste (TVOT) is determined in an oder or taste test The 
discontinuously, at atmospheric pressure, at elevated 5u detailed specification is laid out in Example 2. 
pressure, advantageously up to 10 bar, or at reduced pres- xhe deodorized polyolefin granules may be used to pro- 
sure. The amounts of steam used per unit are from 0,01 to duce hollow bodies, pipmg, packaging materials, packaging 
2 kg cjf steam per kg of polyolefin granules, advantageously films, filters, hygiene fabrics, casings for white goods (e.g! 
from 03 to 2 kg of steam per kg of polyolefin granules. The coffee machines) and polyolefm sheets for the construction 
temperature is generally from 30 to 150° C, preferably from ^ of equipment The deodorized polyolefin granules are par- 
90 to 130* C, The granules may be introduced into the ticulariy suitable for producing, supply lines for oold and hoi 
apparatus in wet or dry, and cold or heated, form. Depending wa tcr for drinking, water tanks, drinking cups and food 
on how the process is executed, the duration of treatment packaging. 

may be a few minutes or several hours. With elevated The polyolefin molding compositions may be brought 

pressure, a high amount of steam per unit a*d high into their desired final form by usual processes, such as 

temperature, the duration of treatment tnay ? for example, be 60 compression molding, casting, calendering, oxtniding, blow 

from only 2 to 30 minutes; with other methods it may be up molding, injection molding, etc. 
to 48 hours. A duration of treatment of from 1 to 10 hours 

is advantageous and of industrial interest. EXAMPLES 

In addition;, the invention provides the use of the poly- 1. Production of Polypropylene (PF) Granules 

olefin granules treated by the novel process as a material tor & The following examples of the process were carried out 

coating or producing shaped objects, in particular for appli- with PP granules commonly used to produce PP pipes and 

cation as domestic goods and as piping. produced according to Examples 1 and 2 of the German 
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Patent Application 19G06510-0 (1996). These granules were 
rcgranulated in. ak in a twin-screw extruder at 300° C- ? then 
dried at 100° C. in a stream of nitrogen and then rcgranulated 
two further times. 

2. Determination of the Threshold Value for Odor or Taste 
The grannies are firstly rinsed for 3.0 minutes with mains 
water. S.5 g of wet granules are weighed out into a 250 ml 
Erlenrneyer flask. The flask is filled with test Water (=mains 
water) to a volume of 250 ml and heated to 70° C. in a water 
bath. A sample of the mains water is put aside ss zero 
sample. The granules are stirred in the lirlenrjaeyer flask with 
a magnetic slirrin^ bar for 4 h at 70° C, Test water and 
granules are separated by filtering,, and the test water is 
brought to 25° C 

The following dilutions were prepared: 
Dilution 1: 100% test water 
Dilution 2: 50% test water/50% zero sample 
Dilution 3: 25% test water/75% Zero sample 
Dilution 4: 12.5% test water/87.5% zero sample 
Odor test; The odor of each dilution is sampled by at least 
three people and their subjective perception is noted in each 
case, The TVOT is detennined using Table 1 below. For 
example, the result is TVOTl if at dilution. 1 there is slight 
impairment by odor and dilutions 2. to 4 haver no odor. The 
result is TVO'l , 2^4 if at dilutions 1 and 2 there is severe 
impairment by odor and dilutions 3 and 4 have no detectable 
odor. 

laste test; Instead of an odor test, a taste test is undertaken 
on the tc*L water and the perception noted in each case. The 
assessment with the grades TVOT0 to TVOT16 is likewise 
made according to Table 1. 

TABLE 1 

Determination of the TVOT 



TVOT 


Dilution 1 


Dilution 2 


Dilution 3 


J3ihitinn 4 


0* 

1- 

1- Z 
2 

2- 4 
4 

4-8 
S 

8-16 


fttrttaTB 

scveie 


none 

none 
alighL 
severe 


nones 
nana 
alight 
SCVCtfC 


nunc 

none 
slight 


♦Samples assessed TVOT0 or TVOTl aic counted as not having a EifiaiifL- 
cant taint, and me designated "nstf ' . Grannies tiros designated aie particu- 
larly suitable for producing supply lines for drinking -water. 



15 



20 



25 



10 



35 



40 



Experiments 3(h)-(j): variation of the temperature and 
steam pressure 

Experiments 3(j)-(k): variation of the amount of steam 
and the duration of treatment 

Experitnent 3(1); replacement of tfie nitrogen by air 

The precise experimental data arc given in Table 2. 

The individual samples of PP granules from Example 3 ? 
and also untreated PP granules as a reference sample, were 
dried in a stream of nitrogen at 120° C, in a drying cabinet. 
An odor test was then carried out. The TVOT determined arc 
given in the last column of Table 2. 

5. The procedure of Example 3 was followed, but instead of 
the gray PP granules, unpisrmcntcd PP granules were used. 
The experimental data are given in Table 3. 
ti- ^rhe individual samples of PP granules from Example 5, 
and also untreated PP granules as a reference sample, were 
dried in a manner similar to that of Example 4 and subjected 
to an odor (est, The TVOT determined are given in the last 
column Of Table 3. 

7. The procedure of Example 3(e) was followed, but 60% of 
the steam/nitrogen mixture, after it had passed through the 
apparatus, was reintroduced into the apparatus from below. 
The remaining 40% was discarded as exhaust gas. The PP 
granules were assessed in a manner similar to that of 
Example 4; the test result was TVOT0 (nst). 

8. The granules from Example 1 wore placed in a deodor- 
izing apparatus which consists of a vertical cylindrically 
shaped container, with a diameter of 2 m ? a height of 6 m and 
a volume of 38 nf*, with a steam supply, an opening for hot 
air, a eundenscr, temperature measurement, pressure mea- 
surement atld measurement of the amounts of hot air and 
steam. 'JTie container can be heated electrically from the 
outside. After the granules had been placed in the apparatus 3 
it was heated to 100° C. with hot air and by introducing 
low-pressure steam. A pressure of ISO mbar became estab- 
lished. Hot air and low-pressure steam were introduced from 
below. The air was preheated to about 90 b C. After a 
specified time, the pressure in the apparatus was released; 
nitrogen was passed through the apparatus, and it was 
cooled. The PP granules were discharged downward from 
the apparatus into a Gala dryer and from there into a 
vibrating screen dryer. The pred.se experimental data are as 
follows; 



3. Gray PP granules produced according to Example 1 were 
placed in an apparatus which consists of a vortical cylindri- 
cally shaped stainless steel tube, with a diameter of 11.9 cm 
and a height of 103 cm. The apparatus is provided with a 50 
steam supply, an opening for nitrogen and a condenser, and 
with equipment for measuring temperature^ pressure and 
amounts of nitrogen and steam. The stainless steel tube can 
be heated electrically from the outside. Granules are placed 
in the apparatus and it is then flushed with nitrogen and 55 
heated to 100* C. Nitrogen and steam are then introduced 
from below, the nitrogen being preheated to about 90° C. 
The gaseous mixture (steam and nitrogen) passed out of the 
apparatus overhead, and was discarded. After a specified 
time 7 the pressure in the apparatus was released; cold fiQ 
nittogen (23° C.) was passed through the apparatus, and it 
was cooled. The apparatus was then opened, and the PP 
granules were removed. 
Execution examples: 

Experiments 3(a)-(e): variation of the amount of nitrogen 65 
Experiments 3(f)-(£)- variation of the duration of treat- 
ment 



Dcpdorizahon nppnrfl^&i_ _ 

Ft=5h steam; 
Hbc air: 
Water: 

Temperature (steam); 
Temperature PP granules tad; 
Gauge pressure 
Time: 

Steam Ufi&ftCi 

Efryer; 

ThToiighpul: 

Moisruifi before Gala dryct; 
M f JistiiTO after train dryer: 



2500 kg/h 
700 tg/Ii 
100 tg/Ii 
125° C 

12 li 

0.5 1^ of steaiti/kg of PP 



6UUD kg/h 
5—4% water 
lOOU ppm water 



The TVOT of the granules was deterrnined according to 
Example 2- The test result was TVOT0 (nst). 
9. The experiment of Example 8 was repeated in the same 
apparatus. The apparatus was operated continuously. The 
residence tinic was adjusted to 12 h. Further experimental 
data are as follows: 
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DeodufxJ>.a.Liuit ipparituA: 




Fresh atc-sun: 


2500 J=gfli 


llbL air: 




'JempenaLuTti (fiteam): 


125° a 


Temperature PP fannies bed: 


1(J0 B CI 


Gauge prcssuic 


ISO mb&r 


Time: 


12 Ji 


Steam usage i 


n.i» kg of 5teim/kg of PP 


Dryer: 




TCTiTOPgtipiiC: 


6000 


TvlnlKtiirn Iiefbre Gal* dryer; 


about 0/73& water 


Moisture sfu>x Gala dfyef : 


J.flDO ppm water 



15 



The TVOT of Ike. granules vm? deberannecl according to Example 2 



Easvtt of Hue odor test: TVQT0 (ust) 

Result of the taste test: TVQT0 (twe) 



TABLE 2 



Overview of experiments in Eaairipl*^ 5 and 4 
Amount 









or 




Tem- 










'lime 


nitrogen 


of 


per- 


Pica- 




ExpGr- 


Azneunt 




steam 


ature 


sure 




JjKCJlL 


Its] 




s.T.r/h] 


CUh] 


[ fl c] 


[bar] 


TVOT 


ttufor- 














s-i6 


fcntts 
a 


2 


4 


0 


1,6 


105 


1 


2 


b 


2 


4 


SCO 


3.6 


105 


1 


0 


e 


2 


4 


750 


1.6 


105 


1 


0 


d 


2 


4 


1000 


1.6 


105 


1 


0 




2 


4 


1500 


1.15 


105 


1 


0 


f 


4 


2 


300 


1.4 


105 


1 


1-2 


S 


4 


2 


500 


1.4 


105 


1 


1-2 


h 


4 


2 


100 


1.6 


120 


2 


0 


i 


4 


2 


300 


1.6 


120 


2 


0 


J 


4 


2 


1500 


2.4 


120 


2 


0 




4 


5 


200 


0.4 


120 


2 


0 


] 


2 ■ 


4 


Air; 1500 


1.6 


105 


1 


0 



40 



Overview of ^griments in Examples 5 aadjS 



A-mQirnt Amount Tem- 

□f op per- Pres" 
Espor- Amount Time nilrcgen nEervrn Jiture sure 
inient rkfi] [h] [Nl/h] [1/hJ [° C-l [fori TVOT 
sn 

R«["er- ™ — - — fi-lfi 

CU« 

a 2 4 0 1.6 105 1 2 

h 2 4 500 1,6 105 1 0 



Bl 

6 



TABLE 2-comin.ued 





2 


4 


750 


1.6 


105 


1 


n 


d 


2 


4 


inno 


1.6 


105 


1 


13 


c 


2 


4 


:tfoo 


1.6 


105 


1 


0 


r 


4 


2 


300 


1.4 


105 


1 


1-2 


5 


4 


2 


500 


1.4 


105 




1-2 




4 


2 


100 


16 


120 


1 




i 




2 


300 


1.6 


120 


1 


u 


i 


4 


2 


1500 


2.4 


120 




0 


k 


4 


5 


200 


0.4 


120 


1 




i 


2 


4 


Air; 1500 


1.6 


10S 


1 





We claim; 

1. A process to deodorize polyolcfin granule s^vh i eh con- 
tain no units derived from diones* id an apparatus;, which 
comprises firstly passing a gaseous niixtuiE of steam and air, 
s gaseous mixture of steam and nitrogen, or pure steam 
around the polyoLcfin granules a£ from St) to :i.50° C. ? where 
the amount of steam nscd is from 0.3 to 2 kg of steam per 
kg of polyolcfin granules, and then returning some or all of 
the steam,, the steam/air mixture or the steam/nitrogen mix- 
ture to the apparatus after it has passed through the appa- 
ratus. 

2. "The' process of claim 1, wherein the duration of 
treatment is from 2 minutes to 48 hours. 

3- The process of claim 1 3 wherein the temperature is from 
90 to 130° C. 

4. The process of claim 1, wherein the polyoichn granu- 
lates comprises polyolefin which is selected from the class 
encompassing polyethylene* polypropylene., poly-l-butene, 
polyisobutene, poly^-m ethyl- l-pentene> copolymers of eth- 
ylene and propylene, terpolymcrs of cthyLcne, propylene and 
other hydrocarbons, mixtures of polypropylene, rubber and 
polyethylene and mixtures of the constituents mentioned 
aliove. 

5. The process of claim 1„ wherein the polyolefin granu- 
lates comprise polypropylene having an MFi (230/5) of 
from 0.4 dg/mfn to 2 dg/min and from 0 to 11% by weight 
of polyethylene. 

6. Aprocess to coat or to produce shaped objects, wherein 
the material used is polyolefin granulates treated according 
to the process of claim 1. 

7. Aprocess to coat or to produce shaped objects for the 
domestic goods sector; and for the construction of 
equipment, wherein the materia] used is polyolefin granu- 
lates treated according to the process of claim 1. 

S. A process to coat or to produce containers or piping, 
wherein the material used is polyolefin grannies treated 
according to the process of claim 1. 

9. The process of claim 2, wherein the duration of 
treatment is from I to 10 hours. 

10. The process of claim 1, wherein the polyolefin gran- 
ules are polyethylene or polypropylene. 

* * & * * 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



"LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the method of manufacturing: ethylene and an 
alpha olefin copolymer suitable for the use of a food-grade container, the film for food packing, a 
sheet or a medical container with few bad smells, especially in detail about ethylene and an 
alpha olefin copolymer. 

[0002] , 
[Description of the Prior ArtJSince ethylene and an alpha olefin copolymer are excellent in i 
heat-sealrng nature, the safety to contents, health nature, etc. as wrapping of typical application, 
it is used for the innermost side of wrapping in many cases. However, to ethylene and an alpha 
olefin copolymer. The volatile constituent originating in polymerization operation of the various 
low molecular weight compounds etc. which carried out the byprcduction at the time of the 
various solvents added by the unreacted monomer, the polymerization system, and the catalyst 
and a polymerization may remain, and a bad smell may remain even in the wrapping not only after 
becoming a generation cause of the emitting smoke at the time of processing, a discharge from 
the eyes, and a nasty smell but processing by it. Since the bad smell generated from ethylene 
and an alpha olefin copolymer will shift and not only the scent of foodstuffs but the taste will be 
impaired when such a material is used for a package of foodstuffs, to use it especially as 
wrapping, it is necessary to reduce a bad smell. The method of fully performing desiccation in the 
case of polymerization operation, the method of extracting wrth a solvent, the method of 
deaerating at the time of a granulation, the method of heating by a hot wind, etc. are known, for 
example as a reducing method of the bad smell of the ethylene and the alpha olefin copolymer 
produced by polymerizing under Ziegler type catalyst existence. However, removal of the odor 
component was difficult for the ethylene and the alpha olefin copolymer produced by 
polymerizing under Ziegler type catalyst existence by any method of these. 
[0003] 

[Problem(s) to be Solved by the Invention]This invention aims at offer of the manufacturing 

method of ethylene and an alpha olefin copolymer with few bad smells. 

[0004] 

[Means for Solving the Problem]This invention persons found out that ethylene and an alpha 
olefin copolymer produced by polymerizing under metallocene catalyst existence can be made 
into what has a few bad smell very easily, and that correlation was between content of a volatile 
constituent in it, and strength of a bad smell, and reached this invention. 

[0005]Resin produced by this invention carrying out Co polymerization of ethylene and the alpha 
olefin of the carbon numbers 3~20 under metallocene catalyst existence Namely, per 1 kg of 
ethylene and alpha olefin copolymers, (a) With 30-150 air or inactive gas r by a flow of 0.03-3- 
m 3 /hr with hot water of less than the melting point of 0.5 to 72-hour desiccation, and/or (b) not 
less than 30 ** ethylene and an alpha olefin copolymer. Air or inactive gas of a flow of 0.001- 
0.5-m 3 /hr is introduced, It is Immersed for 0.5 to 30 hours, and is related wrth a manufacturing 
method of ethylene and an alpha olefin copolymer making or more into 200 a value (Q) after 
desiccation of a total amount (normal hexane conversion) of a with a carbon number of 1 2 or 
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less measured with headspace gas chromatography volatile constituent before desiccation. 
[0006] Hereafter, details of this invention are explained. 

[0007]Ethylene and an alpha olefin copolymer used for this invention can be manufactured by a 
method currently indicated by gazette which is illustrated below, for example. 
[0008]JP,60-35006A J P, 60-35007 A JP F 60-35008A JP.61-296008A JP.63-22804A JP.3- 
163008 A JP.5S-19309A JP,60-362A, JP,63-61010A JP,63-1 52608A J P, 63-264606 A, 
JP,63-280703A JP,64-6003A, JP.1-95110A JP f 3-62806A JP.1-259004A, JP,64-45406A 
JP,60-10680SA JP 4 60-137911 A, the Patent Publication Showa No. 501369 [ 63 to ] gazette, 
JR61-221207A JP,2-22307A JP,2-173110A JP.2-302410A JP,"M29003A JPJ-210404A 
JP T 3-66710A JP.3-70710A JP f 1 -207248 A JP,63-222177A JP,63-222178,A, JP,63-222179A, 
JPJ-12407A JPJ-301704A JP.1-319489A JP.3-74412A JP.61 -26401 OA JP.1 -275609 A 
JP.G3-251405A JP 1 64-74202,A, JP,2-413Q3 T A, JPJ-3148SA JP.3-5S508A JP.3-70708A 
JR3-70709A JP J 4-8704AJP.4-11604 P A, JP,4-213305,A, JP,5-310S29 P A, JP.5-320242A JP.6- 
228222A. EP No. 0612769 gazette, etc. are mentioned 

[0009]Organic transition metal (Q in which this ethylene and alpha olefin copolymer contain a 
cyclopentadienyl derivative, for example, the bottom of existence of a catalyst which consists of 
compound (II) and/or organic metallic compound (III) which react to this and form a complex of 
ionicity — ethylene — although it can manufacture by independent or carrying out 
copolymerization of ethylene and the alpha olefin of the carbon numbers 3-20, it is not limited to 
these* 

[0010]As alpha olefin of the carbon numbers 3~20 T propylene, 1-butene, 4-m ethyl- 1-pentene t a 
3-methy [-1-butene, 1-pentene, 1-hexene, 1-octene, 1-nonene T 1-decene, 1-undecene, 1- 
dodecen, 1-tridecenoic, l^tetra decene, 1-pentadecene, 1-hexa decene, 1-heptadecene, 1- 
octadecene, "f-nano decene, 1-eicosen, styrene, etc. can be mentioned, and one sort or two 
sorts or more can be used for copolymerization among these. 

[0011]Gestalten of above-mentioned ethylene and alpha olefin copolymer may be any, such as 
powder which restriction in particular does not have and was obtained by polymerization 
operation, a pellet produced by corning it, a container produced by fabricating by various kinds of 
methods, a film, a sheet, and other mold goods. 

[00l2]In the range of a grade which does not spoil an effect of this invention, if needed Other 
resin, Additive agents generally used for thermoplastics, such as an antioxidant, a spray for 
preventing static electricity, an antiblocking agent, lubricant, light stabilizer, an ultraviolet ray 
absorbent, inorganic matter and an organic bulking agent, a nucleating agent, a rarefaction agent, 
colorant, organic peroxide, a catalyst neutralize^ and a plasticizer, may be used. 
[0013]Ethylene and an alpha olefin copolymer obtained using a metallocene catalyst, Since [ with 
little / since composition distribution is narrower than what was obtained using a Ziegler type 
catalyst / and / ullage of a low molecular weight constituent leading to a bad smell ] 
polymerization activity is high, there are few amounts of residual solvents and it is possible to 
make it easily what has a few bad smell. 

[00!4]If a polymerization is performed under metallocene catalyst existence about a 
polymerization method, may use which method, for example, a polymerization in a hjgh-pressure- 
polymerization method, In order to suppress a chain transfer reaction leading to not less than 
120 ** and a molecular weight fall in order to maintain a polymer to solution states and to 
improve polymerization activity, and not to reduce polymerization activity, it is preferred that a 
pressure more than 500 kgf/cm 2 G performs at temperature of 300 or less. Since a copolymer 
of a polymerization in gas phase polymerization process is powder state voice, it is required to 
be 100 ** or less undesirably [ an elevated temperature ], and although a minimum in particular 
of polymerization temperature is not limited, in order to improve polymerization activity, not less 
than 50 is preferred. In order to improve polymerization activity, it is preferred to carry out 
using a catalyst component, an organoaiu minium compound, and an ionized ionic compound which 
carry out precuring by an olefin beforehand. A polymerization in a solution polymerization method 
needs to be not less than 120 ** in consideration of polymerization temperature raising that 
copolymers are solution states and polymerization activity. Although a maximum in particular of 
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polymerization temperature is not limited, in order to suppress a chain transfer reaction leading 
to a molecular weight -fall and not to reduce catalyst efficiency, 300 ** or less is preferred. 
Although not limited in particular for a pressure at the time of a polymerization, in order to raise 
polymerization activity, more than atmospheric pressure is preferred. 

[0015]In order to obtain ethylene and an alpha olefin copolymer in which a bad smell has been 
improved. In a method of fully drying powder in a manufacturing process, a method of washing 
with a hydrocarbon solvent, and a process corned on a pellet, Form deaeration equipment in an 
extrusion machine and a method of deaerating at the time of melting and this deaeration are 
faced, A method which water is added, and there are a method of heightening the deaeration 
effect, a method of drying a pellet under a hot wind again with a hopper dryer etc. further again, 
a method of immersing a pellet in hot water, etc., and Immerses a pellet especially in hot air 
drying and hot water in a hopper dryer is effective. 

[001 6]Especially in a method of drying by a hot wind, although not limited, For example, a pellet 
of ethylene and an alpha olefin copolymer is put into a hopper dryer, 0,03-3-rrrVhr per kg of 
ethylene and alpha olefin copolymer. Preferably a hot wind of 0.05-2-m 3 /hr 0.5 to 72 hours, 
Although air or inactive gas is usually used as a medium which ventilates preferably for 1 to 48 
hours, should just carry out and ventilates by heating a hot wind to 30H50 and a desirable 
temperature lower 10 than softening temperature of a copolymer, it is air preferably. If low 
bromination effect in which processing time is sufficient in less than 0.5 hour is not acquired and 
72 hours is exceeded, the number of silos increases and it is not desirable on production. Since 
weld of a copolymer will be caused in a hopper dryer if effect with treatment temperature 
sufficient at less than 30 ** is not acquired but 150 is exceeded, it is not desirable. When 
there are few amounts of hot winds than 0.03-mVhr r since being spread of a volatile constituent 
becomes insufficient sufficient effect is not acquired. When more than 3^m 3 /hr, since 
productive efficiency worsens, it is not desirable. 

[001 7] Although not limited, temperature of hot water made immersed is the temperature of less 
than the melting point of not less than 30 ** ethylene and an alpha olefin copolymer, and is made 
usually preferably immersed below not less than 40 100 not less than 30 ** 130 ** or less 
especially in a method of immersing in hot water. Although ethylene and an alpha olefin 
copolymer by which quantity of hot water made immersed is usually processed, and more than 
the capacity are used, 2 times the amount or more is used preferably. Although processing time 
in particular does not have restriction and it is adjusted timely by quantity of gas introduced into 
temperature of hot water, and hot water, it is usually 1 to 12 hours preferably for 0.5 to 30 
hours. Although general gases, such as air and inactive gas, are used as a gas introduced into 
hot water, a gaseous mixture of air or atr r and inactive gas is used preferably — an introduction 
amount — 0.001 -0.5-nrrVhr per kg of ethylene and alpha olefin copolymer — it is the range of 
0.03-0.3^m 3 /hr preferably. Since effect with the above-mentioned treatment temperature 
sufficient at less than 30 ** is not acquired but weld of a copolymer is caused above the melting 
point of ethylene and an alpha olefin copolymer, it is not desirable. When there are few amounts 
of hot water made immersed than ethylene and an alpha olefin copolymer, and the capacity, 
since a copolymer is not fully immersed with hot water, sufficient effect is not acquired. When 
there is less introductory quantity of gas than 0.001 -m 3 /hr 4 since being spread of a volatile 
constituent becomes insufficient, sufficient effect is not acquired. When more than 0.5-m.Vhr, 
since productive efficiency worsens, it is not desirable. Since productive efficiency will worsen if 
low bromination effect in which processing time is sufficient in less than 0.5 hour is not acquired 
and 30 hours is exceeded, it is not desirable on production. 
[001 S]The two above-mentioned disposal methods may be used together. 
[0019]It faces improving a bad smell with the above-mentioned disposal method, and a total 
amount of a volatile constituent which consists of with a carbon number of 12 or less 
hydrocarbon is made into an index, and if each processing condition is set up so that a value (Q) 
after desiccation of this total amount (normal hexane conversion) before desiccation may 
become 200 or more, sufficient bad smell improvement can be attained. 
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[0020](Measurement of a bad smell by headspace gas chromatography) Ethylene and an alpha 
olefin copolymer with few bad smells acquired by polymerizing under metallocene catalyst 
existence of this invention, Values (Q) after desiccation of a total amount (normal hexane 
conversion) of a volatile constituent which consists of with a carbon number of 1 2 or less 
measured with headspace gas chromatography hydrocarbon before desiccation are 200 or more 
things. If this value is 200 or more, a bad smell which shifts to contents packed with a bad smell 
generated from this copolymer or this copolymer can be made into a thing of a grade which 
cannot understand or is not worried by people's sense of smell. 
[0021] 

[Embodiment of the Invention] Hereafter, although an example explains this invention still in 
detail, this invention is not limited to these examples, 

[0022]The volatile constituent which ethylene and an alpha olefin copolymer contain was 
performed, when the 60^minute heating back analyzed this copolymer in a well-closed container 
and it analyzed a gas phase portion with headspace gas chromatography at 150 under a 
nitrogen atmosphere. 

[0Q23]The details of headspace-gas-chromatography measurement and a bad smell evaluation 
condition are as follows. 

[□□24](Headspace-gas-chromatography measurement) Measurement of ethylene and an alpha 

olefin copolymer was performed according to the conditions of following — ** m 

[0025]** device headspace-gas-chromatography: — Shimazu GGGA** column-packing-material: 

— chromatography packing company ULBON-HP capillary tube: — 0.53 mm in inside diameter, 
and amount;of length 15m** test portion samples7g (it weighs precisely under a nitrogen 
atmosphere) 

Sample bottle: Glass (capacity of 20 oc) 

** Condition insulation temperature of gas chromatography :. 150 incubation time :. initial 
temperature [ of a 60 minute column ]: — 45 column initial time: — 10-minute column 
heating-rate: — a part for 10 **/ — column terminal temperature: — 250 ** column last time: - 

- 10-minute vaporizing chamber temperature: — 150 syringe temperature: — 150 
detector polarity: — 1 detector range: — one cycle: — it measuring on condition of of the 
70-minute above - and, The total peak area of with a carbon number of 12 or less 
hydrocarbon was made into the total amount of volatile matter content, and a fixed quantity was 
performed by normal hexane conversion. 

[0026](Bad smell evaluation of a pellet) After filling up 5GQ-CC glass sample bottles with the 
pellet 100g and sealing it f it allowed to stand at the room temperature for 24 hours, and stinking 
thing strength 1 was judged by ten persons 7 panelist, the judging standard in a panelist — 0: — it 
does not stink at all — 1: — 2: which stinks slightly — 3: which stinks clearly — it presupposed 
that it stinks violently and ten persons 1 total value estimated. 

[0027](Bad smell evaluation of a film) 'With an inflation apparatus 50 mm in diameter, 10 kg of 
pellets were used as the 50— micrometer-thick film with the molding temperature of 160 **. After 
starting 50 g of films to 2-cm square and filling up and sealing to a 500-cc glass tube, it heated 
for 60 minutes in 40 oven. Then, it cooled to the room temperature and the same judgment by 
the above-mentioned panelist was performed. 

[0028](Taste evaluation of a water restoration film) The film which formed membranes to bad 
smell evaluation of the above-mentioned film was started to 20~cm square, the methods of three 
were heat sealed for two sheets in piles, and the bag was created. After having filled up this bag 
with 50 ml of mineral WOTA, heat sealing the method of one which remains and using it as a 
sealing bag, it saved for three days in a 5 refrigerator, and was considered as the sample for 
taste evaluation. Mineral WOTA in [ of three days after ] each sealing bag was put into glass 
glasses, and taste evaluation by the above-mentioned panelist was performed, comparing a 
judging standard with the taste of original mineral WOTA — 0: — it is not different at all — 1: — 
2: which is slightly different — supposing that it is different clearly — ten persons' total value — 
a table — the bottom. 

[0Q29]lt polymerized using the reactor with which the example 1 high-temperature-high- 
pressure polymerization was equipped Ethylene and 1-hexene were first pressed fit in the 
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reactor continuously, and it set up total pressure set to 900 kgf/cm 2 G and become 37.4~mol% 
about 1-hexene concentration. And the reactor was agitated at 1500 rpm. As organotransition 
metal compound (I) which contains a cyclopentadienyl derivative with another container on the 
other hand, to the toluene solution of diphenylmethylene (cyclopentadienyl) (fluorenyl) zirconium 
dichloride. As organic metallic compound (III), the toluene solution of trilsobutylaluminum was 
added so that aluminum might become a 250 time mol per zirconium. As compound (II) which 
reacts to said catalyst component and forms the complex of ionicity, the toluene solution of 
N F N-dimethyl anilinium tetrakis (pentafluorophenyl) borate was added so that boron might 
become a double mol per zirconium, and the catalyst solution was qbtarned. Then, the obtained 
catalyst solution was continuously supplied to the reactor at the rate of 120-cm 3 / time. It 
polymerized by having set up the temperature of the reactor become 165 **, and polymer was 
obtained. IRUGA NOx 1076 [Giba-Geigy Japan make] to the polymer 100 above-mentioned 
weight section Then, 0.15 weight sections, IRGAFOS P-EPQ FF [Ciba-Geigy Japan make] 0.03 
weight sections, They are 0.08 weight sections and a neutron about IRGAFOS 168[Ciba-Geigy 
Japan make], S 0.04 weight section and siiuton PF-6 [ 0.2-weight section ] [the product made 
from the Mizusawa chemical industry] was added, with the Henschel mixer, after mixing, melt 
kneading was carried out, it cooled and the [Nippon Fine Chemical make] was pelletized with the 
single screw extruder. Then, Q value was 252, as a result of supplying a pellet to a hopper dryer, 
performing hot air drying at 60 for 48 hours, using air as an air blasting medium and measuring 
the above-mentioned pellet by headspace-gas-chromatography analysis. As a result of 
performing stinking thing evaluation of the pellet, the bad smell level was 4. As a result of film- 
izing the pellet and performing stinking thing evaluation, the bad smell level was 3. The taste 
level was 3, when the film was manufactured, it was filled up with water and taste evaluation was 
performed. The result is shown rn Table 1. 

[0030]140 and 1-butene were made into 64.1-mol % for example 2 polymerization 
temperature, and it carried out according to Example 1 except having performed 24 time 
processings at 40 The result is shown in Table 1. 

[0031]After pelletizing example 3, rt was immersed for 12 hours, introducing the air of 0.3-m 3 /hr 
into 60 hot water to 1 kg of copolymers, and carried out according to Example 1 except 
having introduced into the oven and having performed desiccation at 40 ## after that, for 12 
hours. The result is shown in Table 1. 

[0032] 1.29 g of silica (surface area 126mVg, the pole diameter of 282 A, pore volume 1.13 cc/g, 
700 5-hour calcination) and 30 ml of toluene were added to the example 4 [adjustment of 
precuring catalyst] 500ml glass flask, and it was made suspended state. 5.04 ml of toluene 
solutions (3.12 mol/Cl.)) of methyl aluminoxane were added there, and it agitated at the room 
temperature for 1 hour- Then, 108 ml of toluene solutions (0.0019 mol/Cl.)) of ethylene bis 
(indenyl)zrrconium dichloride were added, and it agitated for 30 minutes at the room temperature. 
Subsequently, 85 ml of Deccan was added, ethylene was introduced by ordinary pressure, and 
precuring was performed at 30 for 7 hours. The bridge filter removed the solution after the 
end of precuring, and it washed 5 times by 200 ml of hexane. As a result, the precuring catalyst 
which contains zirconium 0.0097 millirnol, aluminum 7.04 millimol, and the polyethylene 16.3g to 1 
g of silica was acquired. 

[0033][Polymerization] Nitrogen replaced the inside of the product electromagnetic-stirring type 
autoclave made from a stainless steel wrth a content volume of 2 L, the salt 200g dried at 200 
for 20 hours was put in as carrier fluid of a catalyst, and the internal temperature was adjusted 
to 75 **. It ranks second. What mixed precuring catalyst [ which was adjusted above ] 
(equivalent to zirconium 2.5 micromole) and trilsobutylaluminum 1.5 mtllimol and N T and N- 
dimethyl anilinium tetrakis (pentafluorophenyl) borate 12.5 micromole was inserted in autoclave. 
Promptly, 1-butene was introduced so that internal pressure might be set to 0.1 kgf/cm 2 G. 
Then, ethylene was introduced, and the polymerization was performed for 30 minutes at 30 **, 
adding ethylene continuously so that autoclave internal pressure may be set to 8 kgf/om^G. It 
cooled after the end of a polymerization, the unconverted gas was driven out, and the mixture of 
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produced polymer and salt was taken out. Pure water washed this mixture, salt was dried after 
carrying out dissolution removal, and polymer was obtained. After that according to Example 1, it 
carried out except having performed 24 time processings at 60 **. The result is shown in Table 
1. 

[0034]iP solvent 1620 (product made from Idemitsu petrochemistry) 600ml is added to a 11. 
reactor as example 5 solvent, and it is 1-hexene to this. 20 ml was added and the temperature of 
the reactor was set as 150 **. And ethylene was supplied so that a pressure might be set to 20 
kgf/cm z G at this reactor. On the other hand in another container, diphenylmethylene 
Ccyclopentadienyl) (fluorenyl) zirconium dlchloride 0.5 micromole is dissolved in toluene, there — 
the toluene solution (triisobutylalumi num 20wt%) of triisobutyl aluminum — aluminum conversion 
125 micromole — in addition, it agitated for 1 hour. Next, it is N,N-dirnethy| anilinium tetrakis 
(pentafluorophenyl) borate about this mixture. In addition to the solution which dissolved 1.0 
micromole in 1 mi of toluene, it agitated for 1Q minutes, and the mixture obtained here was 
supplied to said reactor by nitrogen pressure. After supplying a mixture to a reactor, agitated the 
reactor at 1500 rpm for 1 hour, holding at 150 **, the copolymerization reaction was made to 
perform, the acquired resultant was dried at 100 ** under the vacuum for 6 hours, and polymer 
was obtained. After that, it carried out according to Example 1. The result is shown in Table 1. 
[0035]lt pelletized in accordance with the method of example 6 Example 1, the pellet was 
supplied to the hopper dryer, the air of 0.1-m 3 /hr was introduced to 1 kg of copolymers at 60 **, 
and hot air drying was performed for 48 hours. Then, after being immersed for 12 hours^ 
introducing the air of 0.03-m 3 /hr into 60 ** hot water to 1 kg of copolymers, it introduced into 
the oven and desiccation was performed at 40 for 12 hours. The result is shown in Table 1. 
[0036]It polymerised using the reactor with which the comparative example 1 high-temperature- 
high-pressure polymerization was equipped. Ethylene and 1-hexene were first pressed fit in the 
reactor continuously, and it set up total pressure set to 800 kgf/cm 2 G and become 45,2-mo!% 
about 1-hexene concentration. And the reactor was agitated at 1500 rpm. It dissolved in the 
normal heptane and the catalyst solution was obtained so that the mole ratio might be set to 
aluminum/Ti=3 in a Ziegler type catalyst and triethylaluminum with another container. Then, the 
obtained catalyst solution was continuously supplied to the reactor, it polymerized by having set 
up reaction temperature become 220 #*, and polymer was obtained. According to Example 1, ft 

carried out except having set the introduction amount of air to 2.0-m 3 /hr. The result is shown in 
Table 1. 

[0037]Accordihg to the comparative example 1 , it carried out except comparative example 2 
hopper dryer having performed hot air drying for 240 hours. The result is shown in Table 1. 
[003S]After pelletizing comparative example 3, it was immersed for 12 hours, introducing the air 
of 0.3-m 3 /hr into 60 hot water to 1 kg of copolymers, and carried out according to the 
comparative example 1 except having introduced into the oven and having performed desiccation 
at 40 after that, for 12 hours. The result is shown in Table 1. 

[0039]After processing by the comparative example 4 comparative example 1, it was immersed 
for 12 hours, introducing the air of 0.3-mVhr into 60 hot water to 1 kg of copolymers, and 
after that, it introduced into the oven and desiccation was performed at 40 for 12 hours. The 
result is shown in Table 1. ^ 
[0040] 
[Table 1] 
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[0041] 

[Effect of the Invention]The manufacturing method of the ethylene and the alpha olefin 
copolymer of this invention, By processing so that Q value may become 200 or more, the total 
amount of the volatile constituent which consists of with a carbon number of 12 or less 
contained in it hydrocarbon, It has the effect that it can lessen [ bad smell ], and according to 
the manufacturing method of this invention, ethylene and an alpha olefin copolymer with few bad 
smells can be manufactured very easily. Therefore, especially the ethylene and the alpha olefin 
copolymer obtained by this invention fit a food-grade container, the film for food packing, a 
sheet, a medical care container, etc., and is very useful practically. 



[Translation done J 
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Process for [polymerising olefin in gas phase. 

The present invention relates to a process for continuously manufacturing ethylene (co-)polymer in a 
gaseous phase in a polymerization zone through wnEch passes an essentially gaseous reaction mixture 
comprising the {co-)monomers(s). In addition the process comprises transferring a mixture (A) formed 
by the gaseous reaction mixture and the solid (CO-) polymer in a depressurization zone, and separating 
the mixture (A) into a solid phase (B) and a gaseous phase (C) returned Into the polymerization zone. 
The solid phase (B) is subjected to (1) at least one non-deactivating -flushing with respect to the active 
catalytic residues, and subsequently (2) a deactivating flushing with a gaseous mixture of nitrogen, 
water and oxygen. The (co-)poiymer thus obtained has very law contents of unreacted (co-)rnonomer(s) 
and volatile organic compounds, and exhibits a high whiteness index and a long thermal stability with 
time. 
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The invention relates to a process for the continuous manufacture of ethylene (copolymers and possibly 
of at least one alpha-olef in by catalytic (co)polymerization in a polymerization zone in a gaseous phase. 

In a (co-}polymeiization process in a gaseous phase, the monomers and comonomers if any may remain 
occluded in the porous (co-)poiymer particEes and dissolved in particular in the amorphous parts of the 

s (co-)polymer 1 in particular when the comonomers are relatively heavy alpha-olef ins comprising, for example, 
from 5 to & carbon atoms and which are used in particular in the manufacture of linear low-density polyethylene. 
In the manufacture of high-density polyethylene, a relatively high polymerization temperature and a large 
amount of hydrogen used as chain-limiting agent may promote secondary hydrogenation reactions, in partic- 
ular forming organic compounds of low volatility, containing, for example, from 4 to 1 2 carbon atoms. Moreover, 

io alkanes of relatively low volatility containing, for example, from 4 to 1 0 and preferably from 5 to 8 carbon atoms, 
may be used as inert constituents in processes for the polymerization of olefins in a gaseous phase with a 
view to improving the production. These organic compounds and alkanes of tow volatility may also remain oc- 
cluded and dissolved in the porous polyolef in particles. It Ea generally essential to remove from the (copoly- 
mers produced, the unconverted (co)monomers, the organic compounds and the alkanes of relatively low vol- 

15 atil fty for ecological and economic reasons, but also for safety reasons. All these compounds constitute a load 
on the environment, they are capable of forming explosive mixtures in the presence of atmospheric oxygen 
and they adversely affect the qualfty of the products due to the risk of the prolongation of an uncontrolled re- 
sidual polymerization outside the polymerization zone. The absence of recovering and recycling of these com- 
pounds, in particular of the unconverted (co)monomere F would have the effect of substantially increasing the 

20 price of the polyolef ins. 

Moreover, it is desirable to manufacture polyolef ins of a quality which is stable with time irrespective of 
the low amounts of catalytic residues contained in the polyolef ins and to avoid an inopportune and uncontrolled 
prolongation of a residual polymerization after transfer of the polymer out of the polymerization zone. A poly- 
olef in is sought which is both of stable and constant quality with time and of the highest possible whiteness, 

25 The inventors of the present Invention found themselves facing two apparently antagonistic problems. One 

of the problems possibly consisted in prolonging the processfor the manufacture of the polyolef ins by a suitable 
post-treatment in order to improve the reduction in the residual contents of unconverted {co)monomers and 
of organic compounds and alkanes of low volatility which are occluded and dissolved in the polyolef in particles. 
The other problem possibly consisted in continuously producing a polyolef in of improved quality, more stable 

ao and constant with time, despite the risks of fluctuations In the quality of the polymer which were due to the 
prolongation of the process by the said post-treatment. 

American Patent No. 4,314,053 discloses an olefin polymerization process containing steps for deactivat- 
ing the catalytic residues of the polymer and for reducing the oligomers contained In the polymer, in particular 
when the oligomers have a non-stereaspecific nature as in polypropylene. The process Includes flushing the 

35 polymer with an inert gas containing water and subsequently placing the polymer in contact with a gaseous 
mixture containing an inert gas, water and a third component chosen from oxygen, carbon monoxide, carbon 
dioxide, alcohols containing from 1 to 4 carbon atoms and alkene oxides containing from 2 to 4 carbon atoms. 

A process has now been found for the (co)polymerlzatipn of ethylene in gaseous phase which allows the 
above-mentioned problems to be solved simultaneously. In particular, a simple process has been found allow 

40 ing both an improvement in the reduction of the undesirable volatile organic compounds in the (co)polymers 
and the quality of the (copolymers such that their thermal stability and their whiteness, in particular during 
their conversion into finished products, and allowing the quality of the (co-)polymers produced continuously 
to be rendered more stable and constant with time. 

A process has thus been found for the continuous manufacture of an ethylene (copolymer by catalytic 

45 <co)po[ymerization of ethylene with possibly at least one comopomer in a polymerization zone, in a gaseous 
phase through which passes an essentially gaseous reaction mixture comprising ethylene and possibly at least 
the comonomer, ata pressure greater than atmospheric pressure, characterized in that the process additionally 
comprises: 

- transferring a mixture (A) formed by the gaseous reaction mixture comprising the unconverted 
so (co)monomer(s) and the solid (copolymer containing active catalytic residues, from the polymerization 

zone to a depressurization zone, and 

- separating the mixture (A), after reduction of the pressure, Into a solid phase <B) and a gaseous phase 
(d) which is sent directly or indirectly into the polymerization zone, the solid phase (B) being subjected 
to: 

55 (1) at least one non-deactivating flushing with a gas or a gaseous mixture which is substantially free 

from any poison with respect to the active catalytic residues, and subsequently 
(2) a deactivating flushing with a gaseous mixture of nitrogen, water and oxygen. 
The at least one non-deactivating flushing and subsequently the deactivating flushing are preferably car- 

2 
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ried out continuously. 

According to a particular aspect of the present invention, the process comprises a process for the contin- 
uous manufacture of ethylene (copolymer and possibly of at least one aleffnic comonomsr by catalytic 
(co)polymerization of ethylene with possibly at least the olefrnie comonomer, in a gaseous phase and at a pres- 

5 sure greaterthan ambient pressure, in particular at an absolute pressure of 0.5 to 6 MPa> and at a temperature 
below the melting point, preferably below the softening temperature of the (copolymer, In particular at a tem- 
perature of 40 to 120 D C, for example 60 ta 120*C or ©0 to 110*c, in a polymerization zone containing a mech- 
anically stirred and/or f luidized bed and through which passesa gaseous reaction mixture comprising ethylene, 
hydrogen, at leastone inert gas and possibly at least the olefin lego monomer, transfer of the mixture (A) formed 

10 by the (copolymer powder in the form of porous particles containing the active catalytic residues and the gas- 
eous reaction mixture accompanying the said powder in a depressurization zone, separation of; the mixture 
(A), after reduction of the pressure, into a solid phase (B) and a gaseous phase (C), sending the gaseous phase 
(C) directly or indirectly to the polymerization zone, and at least two continuous, different and successive flush- 
ings of the solid phase (B), a first comprising at least one flushing using a non-deactivating gas and a second 

*5 performed using a gas which is deactivating with respect to the active catalytic residues of the {copolymer. 
More particularly, the solid phase (B) is"" continuously subjected, in the form of a powder consisting of porous 
particles, successively to at leasttwo of these abovernentioned flushings, the gaseous phase (D) resulting from 
the non^dsactlvatlng flushing preferably being sent, at least in part if not in total, directly or indirectly into the 
polymerisation zone. 

20 The (copolymer is manufactured continuously in a gaseous phase in a polymerization zone which may 

contain a mechanically stirred and/orf luidized bed, through which passes an ascending stream of the gaseous 
reaction mixture comprisi ng th e olef inic (co)monomer{s) to be polymerized. Only part of the olefins polymerizes 
while passing through the bed, so the gaseous reaction mixture exiting the polymerization zone is sent bacK 
into the latter using a recycling circuit which generally Comprises a compressor and at least one heat exchanger 

25 which is capable of removing the heat released on polymerization. It is preferred to use a polymerization zone 
containing a f luidized bed, for example such as described fn European Patent Applications No. 0 351 068 and 
No. 0 352 022, and which is free from any means of mechanical stirring. 

The gaseous reaction mixture preferably comprises ethylene, hydrogen and at least one Inert gas which 
may be chosen from nitrogen and alkanes containing from 1 to 12, preferably from 2 to 8 and more particularly 

so from A to S or from 5 to G carbon atoms, for example n-hexana, n-pentane and isopentane. The process is 
particularly suitable for a copotymerization of ethylene wfth at least one alpha-olef In, such that the gaseous 
reaction mixture additionally comprises at least one olef inic comonomer which may be chosen from alpha-ole- 
f ins containing from 3 to 12, preferably from 4 to 10 and more particularly from 4 toe carbon atoms, for example 
chosen from propylene, 1-butene and preferably 1-pentene, 1-hexene, ^methyl- 1-penterte, 1-heptene and 1- 

35 octane, as well as at least one non-conjugated diene such as ethyfidenenorbornene, 4-melhyM ,4-hexadiene, 
2-methyl-1 ,5-hexadisne, 1 ,5-hexadlene, dicyclopentadiene and 1,4^hexadiene_ The gaseous reaction mixture 
may thus contain In all cases a large proportion of saturated and/or unsaturated heavy hydrocarbons of rela- 
tively low volatility, such as alpha-olefins and alkanes containing in particular from 4 to 10, preferably from 5 
to a carbon atoms. The heavy hydrocarbons may voluntarily be added as constituents of the gaseous reaction 

40 mixture and/or be formed in situ In the polymerization zone by secondary reactio ns r In particular by hydrogen- 
ation reactions. Under the temperature and pressure conditions existing in the polymerization zone, it may be 
observed that the saturated and/or unsaturated heavy hydrocarbons may be found partly absorbed within the 
porous (co-)potymer particles being formed and dissolved in particular in the amorphous parts of the {co-poly- 
mer. It may thus be observed that in the polymerization zone, the proportion of saturated and/or unsaturated 

45 heavy hydrocarbons in the gaseous reaction mixture may be from 1 to 50%, preferably from 2 to 20% and more 
especially from 2 to 15% by volume. The proportion of saturated and/or unsaturated heavy hydrocarbons ab- 
sorbed and dissolved tn the solid (copolymer present in the polymerization zone may be from 0. 1 to 20%, pre- 
ferably from 0.5 to 15%, by weight. 

The gaseous reaction mixture preferably circulates within the polymerization zone, at a total pressure 

50 greater than ambient atmospheric pressure, 1br example an absolute total pressure of CL5 to S MPa, preferably 
of 1 to 3 MPa, and at a temperature below therneltlng point more especially below the softening temperature 
of the (copolymer produced, lor example at a temperature of 30 to 120*C, preferably of 40 to 110*0 or of 60 
to 105'C. 

The (cojpolymerizatlon Is generally performed by continuous or semi-continuous addition of a catalyst 
which is generally in the solid state and comprising at least one transition metal, such as titanium, vanadium, 
chromium, zirconium or hafnium. The catalyst may be chosen from catalysts of Ziegler-Natfca type associated 
with a co-catalyst chosen from organometatlic compounds of metals of groups I to III of the Periodic Classifi- 
cation of the Elements, for example organoalumlnium and organozinc compounds, and afso from heat- 

3 
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activated chromium oxide-based catalysts. The catalyst also may be chosen from metallocene comprising a 
transition metal e.g. titanocene, chromocene r zirconocene or hafnocenB. The catalyst may be supported on 
porous refractory oxides such as silica or alumina, ormay be combined with solid magnesium compoundssuch 
as magnesium chloride, oxide or hydroxychloride or a magnesium alfcoxide. a sol id catalyst cased on magne- 

s sium, on halogen, on titanium and/or on vanadium may in particular be used. The catalyst may also be used 
in tha form of an olefin prepolymer. 

The (copolymer continuously produced In the polymerization zone may either be a homopalyemylene or 
a copolymer of ethylene with at least one alpha-olefin and possibly with a non-conjugated diene, such as the 
alpha-oief ins and the dienes mentioned above. It may be a high-density polyethylene, in particular with a den- 

« sity of 0.94 to 0. 97 g/cm* or a linear low-density polyethylene, in particular with a d ensity greater than or equal 
to D r 8S and less than 0.94 g/cm 3 . or alternatively an eiastomeric copolymer of EPR or EPDM type, in particular 
with a density of less than 0.88 o/cm a and more particularly with a density of 0,85 to 0.86 a/cm 3 . It is provided 
in the -form of a powder consisting of porous particles with a weight average diameter Dw which may range 
from 400 to 3000, preferably from 500 to 2000 and more especially from GOO to 1 SOO urn, and a relatively narrow 

15 particiesfze distribution such thatthe ratio of Dw to the numberaverage diameterDn of the particles is between 
1 and 4, preferably between 1 .1 and 3.5 and in particularf rom 1,2 to 3. The (co)polymer powder may be char- 
acterized by f fow properties and may in particularbe defined by a Ctassif ication given in "Gas Ruidizatfon Tech- 
nology" edited by D. Geldart and published by A. Wiley-lnterscience Publication/John Wiley & Sons (19S6), 
chapter 3, pages 33 to 52: the powder may generally correspond, according to this classification, to the groups 

20 B and D in particular and preferably to group B. As noted above, under the conditions for polymerization, the 
(copolymer powder may contain large" amounts of absorbed and dissolved, saturated and/or unsaturated 
heavy hydrocarbons. It additionally contains active catalytic residues which may be identified in the form of 
transition metals and possibly of organometallic compounds such as organoaluminium and organozinc com- 
pounds. Theiramounts are generally very low, such that the catalytic residues may remain in the final (co)poly- 

25 mer. In particular, the transition metal content in the (copolymer produced Is less than 20 parts per million 
(ppm) by weight, preferably from 1 to 1 5 and more particularly from 1 to 1 0 ppm f or even less than 'I ppm. 

The mixture <A) formed by the (co)poiymer powder and the gaseous reaction mixture accompanying the 
powder is transferred from the polymerization zone into a depressurization zone. The transfer may be per- 
formed continuously or, preferably, semi-continuously or Intermittently, for example by isolating a determined 

30 volume of the mixture (A) withdrawn from the polymerization zone in an Intermediate chamber fitted with 
valves, before transferring the satd mixture into the depressurization zona. This may in particular be performed 
according to the method described In European Patent Application No. 0 250 169. The transfer te essentially 
carried out by difference in pressure between the polymerization and depressurization zones. The absolute 
pressure which governs in the depressurization zone is in the region of ambient atmospheric pressure, in par- 
as ticular a pressure of 0.1 to 0.4 MPa, preferably from 0.1 to 0.3 MPa, in particular from 0.11 to 0,25 MPa. 

Separation of the mixture (A) into a solid phase (B) and a gaseous phase (C) may be preferably carried 
out continuously and may take place essentially by the pressure reduction in the depressurization zone, which 
pressure is brought to the abovementioned level. During the separation of the mixture (A), the temperature of 
the mixture is in the region of that of the temperature governing in the polymerization zone or slightly below 

■« this T for example a temperature of 30 to 115 0 C, preferably of 40 to 105*0 or of 55 to 100 & C. The solid phase 
(B) may be separated from the gaseous phase (C) simply by flowing out, for example by gravity, in the de- 
pressurization zone. Thus, the solid phase (B) may be recovered in the lower part of the depressurization zone. 
The gaseous phase (C) may essentially comprise the gaseous reaction mixture accompanying the {copolymer 
powder during its transfer, as well as the constituents of the said gaseous reaction mixture and the possible 

*s saturated and/or unsaturated heavy hydrocarbons which are initially absorbed and dissolved in the powder 
and which are progressively degassed during the transfer and the separation in the depressurization zone. 
The gaseous phase (C) is preferably continuously returned directly or indirectly into the polymerization zona 
using, for example, a compressor. It may in particular be returned to any point of the recycling circuit of tha 
gaseous reaction mixture. 

so The so] id phase (B) separated from the gaseous phase (C) may essentially comprise the (copolymer pow- 

der of the mfxture (A) with a smaller amount of the constituents of the gaseous reaction mixture and of the 
possib[e:sgturated and/or unsaturated heavy hydrocarbons which have not yet been removed. Generally, when 
the solid phase is subjected to the operation consisting solely of the separation described above, the average 
residence time of the (copolymer powder in the depressurization zone is preferably relatively short, because 

55 the powder contains active catalytic residues in an active polymerization atmosphere. The average residence 
ti me may be approximately from a few seconds to a few minutes, for example from 5 to 600 seconds, preferably 
from 10 to 300 or from 30 to 200 seconds. The solid phase (B) may generally have physical characteristics 
and flow properties which are similar to those defined above for the (copolymer powder in the polymerization 

4 
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zone, 

The solid phase (B) is Subsequently subjected preferably continuously to at least one non-deactivating 
flushing with a gas or a gaseous mixture which Es substantially free from any poison with respect to the active 
catalytic residues. In particular, the content of poisons in the gas or in the gaseous mixture for flushing pre- 
ferably cannot be greater than that of thegaseous taction mixture circulating in the polymerization zone. Thus, 
it is generally estimated that me content of poisons such as water, oxygen, alcohols, carbon monoxide and 
carbon dioxide, rn the gaseous reaction mbcture is less than 2 parts by volume per million (vpm) r preferably 
less than Ivpmand more particularly [ess than 0.5or even 0.1 vpm, Trie gas or the gaseous mixtur*>cr flushing 
may be chosen from nitrogen, the gaseous reaction mixture and one or more Of the constituents of the said 
gaseous reaction mixture, preferably mixed with nitrogen. It is preferred to use the gaseous reaction mbcture 
which circulates m the polymerization ^one and some of which may be withdrawn in order to flush the solid 
phase (B) continuously. In this case, the gaseous reaction mixture may preferably be used at a temperature 
equivalent to or In the region of that of the polymerization zone, or possibly at a lower temperature obtained 
by prior cooling ofthe said mixture, for example a temperature of 20 to 110*Corof45to 105°C preferably of 
60 to 1 00°G. It may also be preferred to use cne or more of the constituents, preferably the hydrocarbon con^ 
strtuents, ofthe gaseous reaction mixture, in particular ethylene, alpha-olefins and alkanes such as those men- 
tioned above, in this case, it is preferred to use one or more of these constituents as a mixture with nitrogen, 
at a temperature which may be from 50 to 11 or from 45 to 105-C, preferably from 60 to 100*C The pro- 
portion of nitrogen in the mixture may be from 30 to 90%, preferably from 40 to 80%, by volume 

Advantageously the gaseous phase (D) resulting from the nondeactlvating flushing may preferably con- 
tmuously be sent, at least partly if not totally, directly or indirectly into the polymerization zone. It may be sent 
to any point ofthe recycling circuit of the gaseous reaction mixture, it may also undergo a fractionation for 
example by cooling: a light fraction may thus be separated from a heavy fraction in this gaseous phase, each 
ofthe fractions being sent, in the gaseous or liquid state, to identical or different points of the polymerization 
zone or of the recycling circuit ofthe gaseous reaction mixture, 

According to a first advantageous variant of the process, the separation of the mixture (A) and the non- 
deactivating flushing may be performed simultaneously in the depressurization zone. In this case the gaseous 
phases (C) and (D) are sent together, directly or indirectly, into the polymerization zone, for example Into the 
recycling circuit of the gaseous reaction mixture, possibly after having undergone a fractionation as described 
above. 

A second advantageous variant of the process may consist in performing the non-deactivating flushing 
and the separation ofthe mixture (A) in a distinct manner. In this case, the gaseous phase (D) resulting from 
the non^deactivating flushing may advantageously be at least partly recycled as a flushing gas in the said non- 
deactivating flushing. The recycling may include a fractionation ofthe gaseous phase (D) T for example by cool^ 
ing, allowing the separation of a light fraction in the gaseous state which is recycled as a flushing gas in the 
non-deactivating flushing, and a heavy fraction in the liquid state which can be sent diracUy or indirectly into 
the polymerization zone, for example to any point of the recycling circuit of the gaseous reaction mixture 

Another variant of the process may also consist in performing at least two non^deactjvating flushings* the 
first flushing according to the first variant, followed by the second flushing according to the second variant. 

The average residence time Of the Solid phase subjected to the non-deactivating flushing may be in total 
from 2 to 1 SO and preferably from 5 to 1 20 minutes. During the separation of the mixture (A), the average res- 
idence time ofthe sofid phase (B) in the depressurization zone may become identical to that mentioned above 
when, according to thefirst variant, the separation ofthe mixture (A) is performed simultaneously with the non- 
deactivating flushing. The non-deactivating flushing may preferably be performed at a temperature greater 
than the dew point of the flushing gas and below the melting point, preferably at the softening point of the 
(co)poiymer. In particular, the temperature may be from 40 to 1 1 0°C, preferably from 45 to 1 05°C or from 50 
to 1G0*C. During the non-deactrvatfng flushing, the absolute pressure may be in the region of or identical to 
that governing in the depressurization zone, in particular from 0.1 to 0.4 MPa, preferably from 0.1 to 0.3 MPa 
and more particularly from 0.11 to 0.25 MPa. When several non-deactivating flushings are performed, thetem- 
£Q perature and pressure may be identical or different in each of the flushings. 

Subsequently the solid phase resuEting from the non-deactivating flushing is preferably continuously sub- 
jected to a deactivating flushing with a gaseous mixture of nitrogen, water and oxygen. The gaseous mixture 
essentially contains nitrogen and preferably very low amounts of water and oxygen. These amounts are pre- 
ferably calculated relative to the (co)polymer subjected to the flushing, such that at least the majority of the 
ss catalytic residues of the (copolymer is deactivated during this flushing. Thus, it is preferred for the water to 
boused in an amount of, far example, from 50 to 4000, preferably from 100 to 20 00, parts by weight per million 
(ppm) relative to the (copolymer flushed. It is also preferred tor the oxygen to be used in an amount of F for 
example, from 5 to 1 000 and preferably from 10 to 500 ppm relative tD the (co)polymer flushed. The amounts 
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of water and of oxygen may depend upon the contents of active catalytic residues in the (copolymer. It has 
also been observed that rf the amount of water was too high, bubbles or "Jenses" could appear in the (copoly- 
mer at the moment of conversion Into granules or into the fin ished products e.g. films, it has also been noticed 
that if excessive amounts of oxygen were used, a certain degradation of the (copolymer, for example by cross- 

5 linking, could occur during the conversion. The deactivating flushing has a remarkable effect on the removal 
of the saturated and/or unsaturated hydrocarbons which are absorbed and dissolved in the (co)pclymsr r 

The average residence time of the solid phase subjected to the deactivating flushing may be from 0,2 to 
5 hours, preferably from 0.5 to 3 hours and more particularly greater than 1 hour and Jess than 3 hours. The 
deactivating flushing may preferably be performed at a temperature above the dew point of the gaseous mix- 

10 ture forflushing, and below the melting point, preferably at the softening point of the (copolymer, in particular, 
the temperature may be from 35 to 105°C, preferably from 40 to 100°C or from 50 to 100°C_ During the de- 
activating flushing, the absolute pressure may be identical to or in the region of that governing in the depres- 
surfeation zone or in the non-deactivating flushing. In certain cases, it may be below or even above that gov- 
erning in the non-deactivating flushing. It may, for example, be from 0.05 to 0,4 MPq, preferably from 0 1 to 

is 0.3 MPa, fn particular from 0.11 to 0.25 MPa, 

The gaseous mixture for the deactivating flushing may advantageously be prepared by addition of oxygen 
or air to nitrogen or to a premixture of nitrogen and water, in particular using a compressor pump in which the 
carrier gas, sometimes also referred to as the vehicle gas, is nitrogen or the premixiure. The dimensions of 
the compressor pump may be such that the flow rate for the addition of oxygen or of air is easily achieved with- 

20 out manipulation of a control valve. The advantage of the process appears when the carrier gas accidentally 
ceases to circulate, and when this cessation brings about an automatic arrest in the addition of oxygen or air. 
This apbears as an important safety measure in order to avoid the production of gaseous mixtures with an 
explosive nature. 

During the non-deactrvating and/or the deactivating flushings, the flushing gas flows preferably counter- 

25 cun-ently and continuously through the solid phase which may f low preferably by gravity. Flowing of the solid 
phase may advantageously take place according to one mode in a continuous dense phase, that is to say the 
flushing gas passing preferably continuously through the solid phase as an ascending current at a rate below 
the minimum fluidization rate, Vmf, of the solid phase, in particular a rate between 0.1 x Vmf and 0.9 x Vmf, 
preferably between 0.1 x Vmf and 0.S x Vmf, for example an ascending rate of 1 to 1 0 cm/s or of 1 to 3 cm/s! 

5o This type of flushing is preferably used in each of the flushings of the process. The flushing gas is preferably 
continuously introduced into the lower part or the bottom of the downward flowing solid phase subjected to 
these flushings and e,g, contained in a vertical column. More particularly whan in the deactivating flushing, 
the flushing gas flows countercurrently through the solid phase flowing downwards preferably by gravity, it is 
preferred to introduce separately and preferably continuously into the solid phase a portion or all of one or two 

35 constituents) of the flushing gas comprising a gaseous mixture of nitrogen, water and oxygen, and particularly 
at different levels of the downward flowing solid phase. Thus, it is preferred to Introduce continuously into the 
solid phase flowing downwards e,g. by gravity a first mixture essentially comprising a gaseous mixture of ni- 
trogen and oxygen preferably in the lower part or the bottom of the downward flowing solid phase, and at least 
a second mixture essentially comprising a gaseous mixture of nitrogen, water and optionally oxygen at a level 

*5 higher than the introduction point of the first mixture. The (co-}polymer powderthus flushed is particularly dry 
and exhibits a low content of residual volatiles which would otherwise result In inferior product performance 
e.g. with formation of small lenses" when the {copolymer is transformed Into films. 

The (cojpofymer obtained by the process of the invention advantageously has an extremely low content 
of saturated and/pr unsaturated hydrocarbons, such as ethylerre or unconverted alpha-olef Ins and alkanes of 

45 low volatility. Simultaneously, by a synergy effect between the flushings and in particular the simultaneous 
use of water and oxygen which are diluted in nitrogen, a (co)polymer is obtained of remarkable whiteness and 
of a thermal stability such that, during the conversion into granules or into finished products, the characteristics 
of the (copolymer such as the melt index or the weight-average molecular mass, virtually do not change or 
change very little. A reduction in the amount of known additives such as stabilizing agents or antioxidants may 

so advantageously be performed during the conversion, without harming the thermal stability of the (copolymer. 

Measurement of the whiteness Index (Wi) and the yellowing index (Yi-1) of the (copolymers 

The method used is that described by ASTM-E-3l3for the whiteness index (Wi) and by ASTM-D-1925 for 
55 the yellowing index. 

The colorimeter used is the "HUNTER-LAB D 25-9" ® automatic colorimeter with incorporated micropro- 
cessor, manufactured by HUNTERLAB. 

It emerges from this method that when an increase inthedegreecf whiteness of a (co)polymer is observed. 

6 
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the value of the index (Wi) increases'whereas that of the Index (Yi-1) decreases. 
Measurement of the melt Index (M! ais ) of a (co) polymer 

5 The melt Index (Mi 5t1[S ) is measured under a load of 2.16 kg, at 19Q*C, according to the method ASTWf-D- 

123B - condition E. 

Measurement of the content of volatile organic compounds in the (copolymers 

w Measurement of the content of volatile organic compounds in the (copolymers is performed according to 

the "static headrace" extraction method as described in its general principle by B. Kolb et a| in "Chroma- 
tagraphla" r Vol. 15, No. 9 (1982), pages 537-534 and Vol. 19 (1384), page 113. The method consists in placing 
a sample of 0.5 g of (co)polymer in the chamberwlth a volume of 22 ml of the "Head-Space PERKIN-ELMER 
H5^(T <3> apparatus manufactured by PEftKIN-ELMER, and In heating to 100 Q C the sample enclosed in the 

« chamber, in which a thermodynamic equilibrium becomes established between the gaseous phase and the 
solid phase. Some of the gaseous phase is then injected into a "PERKIN-ELMER AUTOSYSTEM"® reference 
gas chromatography apparatus manufactured by PER KIN-ELMER, and equipped with a ■'MEGA-BORE"® ref- 
erence chromatography column manufactured by CHROMPACK and flame ionization detection. The meas- 
urement is expressed in micrograms of a volatile organic compound containing 2 to 12 carbon atoms per gram 

20 of {^polymer, i.e. in parts per million (ppm) by weight 

The non-limiting examples which fallow Illustrate the present invention. 

Example 1 

A linear low-density polyethylene powderwas produced by copolymerization of ethylene with 1-haxene in 
a f Euidized bed reactor of diameter 0.75 m comprising a circurtfor recycling the gaseous reaction mixture equip- 
ped with a compressor and a heat exchanger. The copotymerization was performed underan absolute pressure 
of 1 .6 MPa and at a temperature of 80°C, in the presence of a catalyst of Zjegler-Natta type based on titanium, 
magnesium and chlorine, which is identical to that used in Example 1 of French Patent No. 2,405,961. The 
30 gaseous reaction mixture used for the copolymerization contained (% by volume) 30% of ethylene, 5% of 1- 
hexene, 3% of hydrogen and 56% of nitrogen. The copolymer thus obtained had a density of 0.91© g/cm 3 and 
a melt index, Ml i1e , qf 2,7 g/ 10 minutes. The copolymer powder had an apparent density of 0.32 g/cm 3 and 
consisted of particles with a weight-average diameter of approximately 1000 urn. At the moment of its with- 
drawal from the reactor, the powder contained approximately 6% by weight of unconverted 1-hexene, which 
35 was absorbed and dissolved in the copolymer. The powder additionally contained active catalytic residues, in 
particular 15 ppm of titanium. 

The copolymer powder accompanied by part of the gaseous reaction mixture was transferred according 
to a semi-continuous mode and at a flow rate of €0 kg/h from the reactor into an intermediate chamber fitted 
with rotating valves, as described in EP-A-0 250 163, and then into a depressurization zone governed by an 
■m absolute pressure of 0.127 Mpa_ The powder flowed out by gravity in the depressurization zone, whereas a 
gaseous phase separated from It. Simultaneously, a non-deactivating flushing was performed continuously 
in the depressurization zone by introducing, into the lower part of the said zone, some of the gaseous reaction 
mixture passing through the polymerization zone, which was withdrawn in the recycling circuit, as flush ing gas, 
at a temperature of S0*C. The flushing gas passed in countercurrent to the powder, which flowed out by gravity 
45 according to a dense continuous phase mode. It circulated at a flow rate of 1 0 Nm 3 /h and at an ascending rate 
below the minimum rate of flu Idization of the powder; 

The gaseous phase resulting from the separation and from the non-deactivating flushing of the powder 
was sent via a compressor into the recycling circuit and consequently into the f luidized bed reactor. The aver- 
age residence time of the powder In the depressurization zone was approximately 5 minutes and the temper- 
so ature of the powder was approximately 75'C. 

The powderwas subsequently continuously transferred from the depressurization zone to the top of a col- 
umn of diameter 0.4 m and of height B m, ending in a conical base pointing downwards. The powder was in- 
troduced continuously into this column by a rotating valve at a flow rate of ©0 kg/h in order to undergo a de- 
activating flushing. The temperature of the powder in the column was 65'C and the absolute pressure was 
55 0.115 MPa. The powder settled out towards the bottom of the column according to a dense continuous phase 
regime. A gaseous mixture consisting of nitrogen and small amounts of water and oxygen was produced by 
successive additions of water and air to nitrogen by means of a compressor pump, and was preheated to 80°C 
before being introduced into the base of the column. Various amounts of water and of oxygen used in the gas- 

7 
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eous mixture are mantioned in Table 1 . The gaseous mixture used as deactivating flushing gas was introduced 
continuously at a flow rate of 10 kg/h and rose In the column in countercurrentto the powder. The powder exited 
continuously at the base of the column by means of a rotating valve. The average residence time of the powder 
in the column was 2.5 hours. 
s Table 2 indicates the residual contents of volatile organic compounds in the copolymer fallowing entry into 

and exit from the deactivating flushing column. 

The copolymer powder exiting the column was converted into granules using an "APV MP 2065" ® gran- 
ulator manufactured by APV Baker Ltd. 

During the granulation, various additive compositions (antioxidants, stabilizing agents) were added to the 
10 copolymer: 

- a composition M containing, by weight relative to the copolymer 
1000 ppm of calcium stearate, 

300 ppm of "IRGANOX 1 01 0 ,T ® manufactured by CIBA-GEIGY, and 
800 ppm of "IRGAFOS PEPQ n ® sold by CIBA-GEIGY; 
15 - a composition N containing, by weight relative to the copolymer: 

500 ppm of calcium stearate, 
150 ppm of IRGANOX 1 01 0" ® and 
400 ppm of "IRGAFOS PEPQ" ® . 
Table 3 shows the change in melt index of the copolymer before and after granulation , as well as the white- 
st ness and yellowing indices for the granules obtained. 

Analysis of Tables 2 and 3 shows that, according to the process of the invention, the residual contents of 
volatile organic compounds were extremely low, and that simultaneously the copolymer had a very high ther- 
mal stability during the granulation and a remarkable whiteness, even when trte additives were reduced (an- 
tioxidants! stabilizing agents) as in the composition N. The very high thermal stability is shown by the very 
25 low variation in the melt index, M!^, of the copolymer before and after granulation, even when the composition 
N of low formulation was used. 



Table 1 : 



Conditions of the deactivating flushing 


Test 


Flow rate of air 


Proportion of 
oxygen relative to 
the copolymer 


Flow rate of water 


Proportion of water 
relative to the 
copolymer 


A (comparative) 


0 


a 


24g/h 


400 ppm 


B 


20 Ml/h 


100 ppm 


18g/h 


300 ppm 



Table 2 : 



Residual contents of volatile Qato anorganic compounds In the copolymer 


before and after the deactivating flushing 


Test 


Condition 




c 4 


Ce 




c« 


B 


before 


5 ppm 


10 ppm 


5000 ppm 


100 ppm 


15 ppm 


B 


after 


0 ppm 


0.4 ppm 


5 ppm 


10 ppm 


10 ppm 
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Table 3 : 



Properties of the copolymer before and after granulation 


Property 


Test A (comparative) 


Teste 


Tost A (comparative) 


Test B 


MI2.16 before granulation 


2.7 


2.7 


2.7 


2.7 


Composition (antioxi- 
dant, Stabilizing agent) 


M 


M 


N 


N 


Mlzie after granulation 


2.1 


2.5 


2.1 


2.6 


Wi 


59 


64 


52 


65 


Yi-1 


1.4 


0.1 


4.3 


-0.35 



Example 2 



The process was performed exactly as in Example 1, except that the 1-hexene was replaced by4~methyl- 
20 1-pentene and the gaseous reaction mixture contained (% by volume) 37% of ethylene, 7% of hydrogen, 10% 
of 4-methyl-1-pentQne and 46% of nitrogen. The copolymer thus obtained had a density of 0 T 91S g/cm 3 and a 
melt index, Ml^^ of 0.9 g/10 minutes. The copolymer powder had an apparent density of 0.3 g/cm 3 and con- 
sisted of particles having a weight-average diameter of 1100 pm, a titanium content of S ppm and, atthemoment 
of its removal from the reactor, a content of 6% by weight of unconverted 4-methyl-1-pentene which was ab- 
25 sorbed and dissolved In the copolymer. 

Table 4 indicates the amounts of water and of oxygen used during the deactivating flushing. 
Table 5 indicates the residual contents of volatile organic compounds in the copolymerfollowirid, entry into 
and exit from the deactivating flushing column. 

During the granulation, various additive compositions (antioxidants, stabilizing agents) were used! 
30 - a composition P containing, by weight relative to tha copolymer 

1000 ppm of calcium stearate, 
200 ppm of "IRGAMOX 10.10" <5> , and 
S0Q ppm of "IRGAFOS 166" © sold by CIBA-GEIGY; 
- a composition Q containing, by weight relative to the copolymer: 
35 500 ppm of calcium stearate, 

100 ppm of "JRGANOX 1010 ® and 
400 ppm of "IRGAFOS 16S" © . 
Table 6 shows the whiteness and yellowing indices for the granules obtained. 

Analysis of Tables 5 and 6 shows that low amounts of oxygen and of water had remarkable effects on the 
40 whiteness of the copolymer, even with a composition Q comprising a low amount of additives (antioxidants, 
stabilizing agents), and that according to the process of the invention, simultaneously, the residual contents 
of volatile organic compounds were extremely low. 



Table 4 : 



Conditions of the deactivating flushing 


Test 


Proportion of oxygen relative to 
the copolymer 


Proportion of water relative to the 
copolymer 


c (comparative) 


0 ppm 


350 ppm 


D 


50 ppm 


300 ppm 
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Table 5 : 



Residual contents of volatile G a to C 10 organic compounds in the copolymer 
before and after the deactivating flushing 



Test 


Condition 


c 2 


c 4 


c B 


C B 


G« 


D 


before 


5 ppm 


2 ppm 


6000 ppm 


50 ppm 


10 ppm 


D 


after 


o ppm 


0.2 ppm 


5 ppm 


10 ppm 


2 ppm 



Table 6 : 



Properties of the copolymer after granulation 


Property 


Test C (comparative) 


Test D 


Test C (comparative) 


TestD 


Composition (antioxi- 
dants stabilizing agents) 


P 


P 


Q 


Q 


Wi 


57 


70 


56 


69 


YI-1 


3.1 


-2.4 


3-4 


-2.3 



Example 3 

The process was performed exactly ae in Example 1, except that the 1-hexene was replaced by 1-butene 
and that the gaseous reaction mixture used for the copolymerization contained (% by volume) 36% of ethylene, 
2% of 1-butene, 20% of hydrogen, 34% of nitrogen, 6% of n-pentane and 2% of isopentane, at a temperature 
of 91 p C. The copolymer thus obtained had a density of 0.950 g/crrfi and a melt index, Ml^e, of 11 g/10 minutes. 
The copolymer powder had a density of 0.38 gfcm 3 and consisted of particles with a weight-average diameter 
of approximately 1100 }im. At the moment of its removal from the reactor, the powder contained approximately 
4% by weight of C fl alkanes which were absorbed and dissolved. It additionally contained active catalytic re- 
sidues, in particular 7 ppm of titanium. 

The copolymer powder exiting the reactor underwent separation into a solid phase and a gaseous phase 
and a non-deactivating flushing of the solid phase under identical conditions to thosB of Example 1, except 
that the flow rate of the copolymer powder transferred from the reactor to the depressurizatlon acne was 100 
kg/h and that the temperature of the powder in the depressurlzation zone was approximately 30°C. 

The powder was subsequently continuously transferred from the depressurizatlon zone to the top of the 
deactivating flushing column as described in Example 1. The flow rate of powder Introduced into the column 
was 100 kg/h. The temperature of the powder in the column was 65 a C and the absolute pressure was 0.11 
MPa, 

A gaseous mixture consisting of nitrogen arid of low amounts of water and of oxygen was introduced as 
deactivating flushing gas in counter-current to the powder according to identical conditions to those of Example 
1 , exceptfor the fact that the average residence time of the powder in the column was 2 hours. Table 7 indicates 
the amounts of water and of oxygen introduced. 

Table 8 indicates the residual contents of volatile organic compounds in the copolymer following its entry 
into and exit from the deactivating flushing column. 

The copolymer powder exiting the column was granulated as In Example 1 1 except that a composition of 
additives (antioxidants, stabilizing agents) was used, contaming T by weight relative to the copolymer: 
1500 ppm of calcium stearate, 
1 000 ppm of "IRGAFOS 168" ® and 
250 ppm of "DSTDP" ® manufactured by REAGENS. 
Table 9 indicates the whiteness and yellowing indices of the granules. 

Analysis of Tables S and 9 shows that, according to the process of the invention, the residual contents of 
volatile organic compounds are extremely low and that, simultaneously, the copolymer has a remarkabfe white- 
ness. 
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Table 7 : 



Conditions of the deactivating f lushina 


Test 


Proportion of oxygen relative to 
the copolymer 


Proportion of water relative to the 
copolymer 


E {comparative} 


0 ppm 


1100 ppm 


F 


100 ppm 


1000 ppm 



Table a : 



Residual contents of volatile C4.to C 1D organic compounds in the copolymer 


before and after the deactivating flushing 


Test 


Condition 


c 4 


C 5 


c 6 


c B 




F 


before 


30 ppm 


600 ppm 


100 ppm 


250 ppm 


100 ppm 


F 


after 


0.2 ppm 


2 ppm 


1 ppm 


30 ppm 


70 ppm 



Table 9 : 



Properties of the copolymer after granulation 


Property 


Test E (comparative) 


TestF 


Wi 


sr 


70 


Yi-1 


0.1 


-0,33 



Claims 

35 

1. Process for the continuous manufacture of sin ethylene (co)poTymer by catalytic (co}polymerization of 
ethylene with possibly at Jeast one comonomer in a polymerization zone, in a gaseous phase through 
which passes an essentially gaseous reaction mixture comprising ethylene and possibly at least the com- 
onomer, at a pressure greaterthan atmospheric pressure, characterized fn that the process additionally 

4Q comprises: 

- transferring a mixture {A] -farmed by the gaseous reaction mixture comprising the unconverted 
(co)moncmer(s) and the solid (co)polymer containing active catalytic residues, from the polymeriza- 
tion zone to a depressurization zone, and 

- separating the mixture (A), after reduction of the pressure, into a solid phase (B) and a gaseous phase 
45 (C) which Is sent directly or indirectly info the polymerization zone T the solid phase (B) being sub- 
jected to: 

(1) at least one non-deactivating flushing with a gas or a gaseous mixture which Es substantia fly 
free from any poison with respect to the active catalytic residues, and subsequently 

(2) a deactivating flushing with a gaseous mixture of nitrogen, water and oxygen, 

60 

2. Process according to Claim 1 , characterized in that the gaseous phase (D) resulting from the non-deac- 
tivating flushing is sent directly or indirectly to the polymerization zone. 

3. Process according to Claim 2 or 3 T characterized in that the separation of the mixture (A) and the non- 
$s deactivating flushing are performed simultaneously in the depressurization zone and that the gaseous 

phase (C) and the gaseous phase (D) resulting from the non-deactivating flushing are sent together, di- 
rectly or indirectly, to the polymerization zone. 
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4. Process according to any one of Claims 1 to 3, characterized in that the gaseous phase (D) resulting f rem 
the non-deactivating flushing performed in a distinct manner from the separation of the mixture (A) is at 
least partly recycled as a flushing gas in the non-deactivating flushing. 

5 5. Process according to any one of Claims 1 to 4, characterized in that the gaseous reaction mixture used 
in the polymerization zone comprises ethylene, hydrogen, at least one inert gas and possibly at least one 
olef inic comonomar. 

G. Process according to any one of Claims 1 to 5, characterized in that the gas or the gaseous mixture used 
to in the non-deactivating flushing is chosen from nitrogen, the gaseous reaction mixture and one or more 

of the constituents of the said gaseous reaction mixture preferably mixed with nitrogen. 

7. Process according to any one of Claims 1 to 6, characterised in that the amount of water used in the de- 
activating flushing is from 50 to 400p t preferably from 100 to 2000, parts by weight per million relative to 

15 the (copolymer flushed. 

8. Process according to any one of Claims 1 to 7, characterized in that the amount of oxygen used in the 
deactivating flushing is from 6 to 1000 and preferably from 10 to 5D0 parts by weight per million relative 
to the (copolymer flushed . 

20 

9. Process according to any one of Claims 1 to S, characterized In that during the non-deactivating flushing 
and/or the activating flushing, the solid phase flows out by gravity into a dense continuous phase in coun- 
tercurrent to the flushing gas. 

25 10. Process according to any one of Claims 1 to 9, characterized in that the average residence time of the 
solid phase subjected to the non-deactivating flushing is in total from 2 to 1 SO and preferably from S to 
120 minutes. 

11. Process according to any one of Claims 1 to 10, characterized in that the non-deactivating flushing is per- 
30 formed at a temperature of 40 to 110°C, preferably of 45 to 105°C, at an absolute pressure of 0.1 to 0.4 

and preferably of 0.1 to 0,3 MPa, 

12. Process according to any one of Claims 1 to 11. characterized in that the average residence time of the 
solid phase suhjected to the deactivating flushing is from 0.2 to 5 hours, preferably from 0.5 to 3 hours, 

35 

13. Process according to any one of Claims 1 to 12, characterized in that the deactivating flushing Is per- 
formed at a temperature of from 35 to 105°C, preferably from 40 to 100°C and at an absolute pressure 
of from 0.05 to 0,4 MPa, preferably from 0.1 to 0.3 MPa. 

4Q 14. Process according to any one of Claims 1 to 13, characterized in that the gaseous mixture for the deac- 
tivating flushing Is prepared by addition of oxygen or air to nitrogen or to a premixture of nitrogen and 
water, the addition being performed using a compressor pump in which the carrier gas is nitrogen or the 
premixture of nitrogen and water. 

45 



so 



55 
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® Verfabren zqr Hersteflung von EthyJenpolymematsn mitteis eines Vanadin enthaltenden 

ZSegIer-Katatysator$y$t6ms unter Zerstorung uberschUssiger Katalysatorreste und so twgastellte 
Ethylenpolymdrlsate. 

© Dia Erfindung belrifft ein Verfahren zut Heratel- 
lung von Nfoderdruckethylenpolymerissten dutch 
Polymerisation dar Monomeren in Gegonwart sines 
Vanadin enthaltendBii Ziegler-Katatysaiorsystoms, 
bei dam das erhaltong fasts Ethylenpolymsrisat In 
der Entgasungssono mrt ZuBatzan. die OH-Gruppen 
enthalten, umgesetet vrird. Die ZusStza sind bavor- 
zugt Wassfir odar C-rGio-AlkohoIs. 
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Verfanren zur Hersteliung von EthylenpolymerJsaten mlttsls eines Vanatf n enthaftonden 21egier- 
Katalysatorsy stems unter ZerstSrung ilberachttssiger Katalysatorreste Und so hergestellte Etnyienpoiy- 



Die Erflrtdung batrifft ein verfahren zur Herstei- 
Lung von EihyLenpoiymerisaten durch Polymerisa- 
tion der Monomers in einer Polymerisationszone 
bei DrOcken von 5 bis 60 bar und Ternperaturen 
bis 120"C in einer gerOhrten Oder gewirbeitsn 
Trockenphase Oder In niedrlgsietienden Kohlen- 
wasserstoffen a!s Suspensionsmitfei in Gegenwari: 
eines Vanadin enthaltenden Ziegler-KatatysatOrsy- 
stems. Abtrennen der entstandenen fasten Ethyien- 
polymerisate von nichtumgesetzten Monomeren 
und ggt Suspensionsmittel nach Druckverminde- 
njng in einer Entspannungszone, Entfernen der 
Restanteile an Monomeren und ggt Suspensrons- 
mrttel in einer Enigasungszone durch Einleiten ei- 
nes Inertgasstroms und OberfOhren des festen Eih- 
yfenpolymerjsats Sn sine Aufschmelzzone, wo das 
Polymerisat erstmals mit Luft in Kontakt kommt 

6ei derartigen verfahren kQnnen Homo- und 
Copolymerisate de$ Etfiytens mit Dichten zwischen 
0,916 und 0,070 g/cm 3 und QcFtmelzindexwerten 
von 0,01 bis 100 g/10 rnin erhaiten warden, wob&i 
nicht einpolymerieierte Monomers und andore Be- 
gleitstoffe in einer Entgasungszone mit Hilfe eines 
inertgasstromes entfernt warden. 

Die Entfemung von nicht einpolymerlsierten 
Monomerer] und anderen Begleitstoffen aus 
Ethylenhomo- Oder -copolymerisaten ist erfonder- 
lion, da disss Stoffe die FroduktquaIita*t durch ihren 
Egengeruch mindern. Die Reinigung der Ethyl&n- 
polymerisate von anhaftandan Monomeren, Ge- 
ruchsstoffen bzw. von Suspensions- oder LSsungsr 
mfttefn ist seit langerem bskannt So kann zur 
Entfemung der flUchtfgen Kohienwasserstoffe ein 
Inertgasstrom, s.B. aus Kohlendioxid Oder Btickstbff 
vervrendet warden (vgl. US-A-3 152 872, US-A-4 
253 15S, US-A-4 372 758, US-A-4 372 758, EP-B1- 
0 127 253), das Endprodukt kann mit fiUssigem 
Olefin gswasehen werden (vgL US-A-4 214 0©3) 
Oder es kann das Entgasen des Pofyolefiripulvers 
mit gesStSgten aliphatischen Kohlenwasserstoffen 
vorgenommen werden (vgl. Chemical Abstracts 
13SS, S4 59& r). 

In den deutschen Patentanmeldungen P 37 35 
937 und P 38 15 437 sind Verfahren zur Entfer- 
nung von Suspensionsmitte! und von nicht umge* 
setzten Monomeren vorgeschlagen, wobei die 
Restanteile nach Durchschleusen durch eine Ent- 
spannungszone in einer Entga^ungszorlB, auch 
Trocknungszone genannt, durch .Ernleiten eines 
Inertgasstroms entfernt werden cder wobei zu- 
nSchst mit Ethyfen vorgespuit und snschlieffend 
mit efnem Gemisch aus Sticksloff und Wasser- 
dampf nachgespQIt wlrd. 



Aus den Uteraturstellen EP-A-0 116 917, 0 140 
131 und 0 193 261 ist es bekannt zur Deaktivierung 
eines Kataly^atorsystems aus ein^r Obefgangsm^- 
lallverbindung und einer organiscnen Aluminium- 

5 verbindung, die zur Polymerisation von EthyJen 
orfer zur Co polymerisation von Bhyten mft einem 
ff-OI$1in eingesetzt werden, sog^ Deaktivatoren ein- 
susetzen, Die Deakttvatoren reagleren mil dsn akti- 
ven Katalysatorresten trreversibal unter Bildung von 

to nfchtfluchtfgen und nichtpolymerisierbaren Verbin- 
dtmgen, wobei der Geruch des Polymerisats ver- 
minden: werden kann. Die bekannten Verfahren 
weisen aber noch den NachteJl auf T da£ eirte Ver- 
minderung des Carbonylgruppengehalts der erhaJ- 

75 tenen Ethylenpolymerisate. der bei Verwendung er- 
nes Vanadin enthaltenden Kataiysators besonders 
hoch fet F nicht beobsohtet wordan ist. 

Aufgab© der vorlfegenden Eriindung war es t 
eln Verfahren zur Herstellung von Ethylenpolymeri- 

M saten mrttels einas Vanadin enthaltanden Zieglar- 
Kataiysatorsystsms zur Vertugung zu stellen, bei 
dem ein Ethylenpolymerisat mit stark verminderter 
Geruchsbildung und guJer thermischer Stabilitat re- 
sultierL 

Eine weltere Aufgabe war es, Nlederdrucketh- 
ylenpolymensate rnlt vermindertem Carbonylgrup- 
pengehalt aufzufinden. 

Diese Au^gaben wurden durch ein Verfahren 
der eingangs angegebenen At ge!5st T wobei erfin- 
$0 dungsgemS/3 d$S Ethylenpolymarisai in der Entga- 
sungszone mit OH-Gruppen enthaltenden Zq$Stz$n 
umgesetzt wlrd. 

Bevorzugt ist der OH-Gruppen enihaltende Zv- 
satz Wasser Oder ein d- bis Cm-Alkohol. 
ss Bevorzugt ist auch ein Verfahren bei dem das 

Bhylenpoiymerisat mit 0,02 bis 2 Gew.% Zusatze 
umgesetzt wird. 

Besonders bevorzugt ist eln Verfahren bei dem 
in der Entgasungs2on& eine Temperatur von 50 bis 
40 SO* C und ein Druck von 1 bis 1,2 bar herrscht 

Besonders bevorzugt isl auch ein Verfahren bei 
dem das Zisgler-Katalysator&ystem aus einer 
Vanadin-:, einer Organoaluminium- und einer 
Organohalogen-Katalysatorkomponente besteht. 
45 Die Aufgaben wurden ferner gelost durch Eth- 

ylenpolymerisate mit vermindertem Carbonylgrup* 
pangehalt hergestellt nach elnem der oben ange* 
gebenen Art 

Verfahren der eingangs angegebenen Art sind 
so bekannt und werden Industrieil ausgeQbt, so da/3 
$ich eine ausfuhrlichere Beschreibung derselben 
erUbrigt (vgl, z.B + Ullmanns EncykEopadie der tech- 
nlschen Chemie, 4. Auflage, 1B50, Band 1S, Seiten 
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Geruchstest miter Bemcksichtigung von DIN 10 
955 ergab sich auf einer SMa von 1 {sehr schwa- 
crter Geruch) bis 5 (sehr starker Geruch) eine Note 
2. 



Beispiel 2 

Es wurde verfahren wie in Beispiet 1, jedoch 
wurde das erhaftene Gopolymerlsat im Entgasurtgs- to 
behaiter a mft 0,4 Gew.% Methanol umgssetzt 
welches in Form sines gesattrgien 
stickstoff/MethanoI-Dampfes eingebracht wurde, 
Die ReaKtEonslemperatur betrug 50 'c, die,Fteak- 
-donsdauer £0 min. Das Produkt wies nach zwetta- is 
giger Lagerung einen Caroonyigruppengehalt vort 
0,06 C-Atomen/lOOO C auf, Die Geruchsnote (vgL 
Bsrspie] 1) war 2. 



VergJeichsbeispiej 

Es wurde wie in BeispieJen 1 unrJ 2 verfariren, 
Jedoch wurde im EntgasungsbehStter 3 Jedtglicrt 20 
rnin bei 60 "c mlt einem Stigkstoffstrom gespUlt 35 
Nach zwertagiger Lagerung war der Carbonylgrup- 
pengehalt im Frodukt 0,1 9 C-Atome/1000 C* Die 
Geruchsnoie (vgL Beispiel 1) war 4,0. 



Anspriicha 

1. Verfahren zur Herstsiiung von Ethyfenpoly- 
rnerisaten durch Polymerisation der Monornereh in 
einer Polymensationssone bei Drticken von 5 bis 35 
60 bar und Temperaturen bis 120°C in einer ge- 
rOhrten odor gewlrbelien Trockenphase oder in 
niedrigsiedenden Kohlenwasserstoffen als Suspen- 
sionsmitiel in Gsgenwart sines vanadin enthalten- 
den Ziegler-Katalysatorsystems, Abtrennen der enE- 40 
standenen festen Ethylenpolymerisate von nicht- 
timgesetzfcgn Monomeren und ggf. SuspensEonsmit- 
tel nach Druckverminderung in einer Entspan- 
nungszone, Entfernen der Restanfeile an Monome- 
ren und ggf, Suspensionsmittel in einer Entga- <t$ 
sungszone durch Einleften eines Inertgasstroms 
und Oberfiihren des festen Ethyl en polymerias In 
eine Aufechmoizzone, wo das Polymerisat erstmals_ 
mit Luft in Kontakt kommt, dadurch gekannzelch- 
net, daf3 das Shylenpolymerieat in der Entga- so 
sungs2one mit OH-Gruppen enthaitenden Zusatzen 
umgesetzt wird, 

2- Verfahren nach Anspruch 1, dadurc.h ge- 
kennzeichnet. dag der OH-Gruppen enthaEtende Zu- 
satz Wasser ist 

3. Verfahren nach Anspruch 1, dadurch ge- 
kennzeichnei dsB der OH-Gruppen entftaltende 
Zusate ein C T - bis Cio-AIkohoL ist 



4. Verfahren nach Anspruch 1, dadurch ge- 
kenn^eichnot dsiS das Ethylenpolymerisat mit 0.02 
bis £ Gew,% Zusatze urngesetet wrrd, 

5. Verfahren nach Anaptuch 1 p dadurch gs- 
kennzBichnet, dafl [n der Entgasungssone eEne 
Temparatur von So bis SO" C und ein Druck von 1 
bis i ,2 bar her rscht 

6. Verfahren nach Anspruch 1, dadurch gs- 
kerjnzerchnet daS das Zregler-Katalysatorsystem 
aus Biner Vanadin-, einer Organcalummium- und 
einer Organohalogen-Katatysatorkomponente be- 
steht. 

7. Ethyfenpolymerisate mit vermindsrtem Car- 
bonyJgruppemgehalt hergestetlt nach Binem Verfah- 
ren der AnsprQche 1 bis ©. 

PatentansprUche filr folggnden Vertragsstaat ES 

1. Verfahren zur Herstellung von Ethylenpoiy- 
merisaten durch Polymerisation der Monomeren in 
einer RolymerEsaticnsaone bei Drucken von 5 bis 
60 bar und Temperaturen bis 120" C in einer ge- 
rOhrten Oder gewirbetfen Trockenphase oder in 
niedrigsiedenden Kohlenwasserstoffen als Suspen- 
sionsmitteJ in Gegenwart eines Vanadin enthaEten- 
den Ziegier-Kaialysatorsystems, Abtrennen der errt- 
standenen festen Etfiylenpolymerisate von nicht- 
umgesetzten Monomeren und ggf* Suspensionsmit- 
tel nach Drucfcverminderung in eJner Entspan- 
nungszone, Entfernen der RestantefJe an Monome- 
ren und ggf. SuspensionsmltteS in einer £ntga- 
sungszone durch Emleiten eines Inertgasstroms 
und Oberfuhren des festen ^triyfenpolymerisats in 
eine Aufschmetezone, wo das Poiymeriset eretmafs 
mlt Luft in Kontakt kommt, dadurch gekennzeich- 
net, dafl das Ethylenpolymerisat in der Entga- 
sungszons mii Oh^Qruppen enthallenden Zusatzen 
umgeseM w?rd> 

2 V Verfariren nach Anspruch 1, dadurch ge* 
konnselchnet, daJ3 der OH-Qruppen enthaltende 
Zusatz Wasssr Est 

3. Verfahren nach Anspruch 1, dadurch ge- 
kennaeiehnet da/J der OH-Gruppen enthaitende 
Zusatz ein Ci- bis C-to^AJkchol 1st. 

4. Verfahren nach Anspruch 1, dadurch ge- 
kennselchnet dae das Ethylenpoiymerisat mit 0.02 
bis 2 <3ew,% ZusStze umgesetzt wird. 

5^ Verfahren nach Anspruch 1, dadurch ge- 
kennzeichnet, da& in der Entgasungszone eEne 
Temperatur von SO bis SO* C und ein Druck von 1 
bis 1 ,2 bar herrscht 

6- Verfahren nach Anspruch 1, dadurch ge- 
kennzieichnet daB das Ziegler-Katalysatcrsystam 
aus einer Vanadin-, einer OrganoaJuminium- und 
einer Organohalogen^KatalysatoTkomponente be- 
steht 



4 
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( M* = 2.0 . ©K = 0.9 2 4 s-/« \2 0 (j ? 4 
A fla E G oCfctaak^rs^SS*-*! t*'.-, h £r> 

-r s t 

=20 fljq) f 14 X 10™ X 100-^^™^- ^=8.7X10^ - >j£x id"* 

3& ffll #9 1 t IS — IC^iC^Jt^Tiaa^^jST? 

K*£Jj ^ L, T L0 Oirf/X-Hr tn #j t? ft U 
*5 ft ^ 1> ^ fc*100Hi-fl£K§f£-H:;&* 

t «as*fr *c ^ Ttt^ttt ^ia * 3* jt 

ill 



=100 exp f 14X1 0" 



2x10* 



if S Hc^bt 10 0*f/T.ffr ^ &j ^ L 



1B400 
RT 



t «pf i.4x| 0 'xiOB- 
= 2QBKP<L4*1Q V- — ijSKjLo^o^ xl0-<l^x 10"* 

«C.« £S ■> *z: *J C T 3 0 0 *rf/T*ifr k> ft] ^ t? 3fc U 



t «tp f 1.4 x 1 fV- 



1840Q 



= fi rap r L 4 x l 0" 9 x 2 Q o - — ■ i|*£2_L ^ 

L9S7X333 

= 1,3 x l o~"> 1..2 x l o~' 

iff flf ^<n3fe^*»jii,Ti.i5 iI 

j£*fe^2 

UttaS?*-«u* * =, 0 k: iff o TT 

= 6 <**p f 1.4 x i 0^x2 0 ia4G ° 1 

1,987 X3S3 

= 1,0 X 1 0^<1,2 X 1 (T* 
*tftt4 

^ ^ - # # * ^ '^K^<^^ L, v h 



f M 2 = 2.0 , #£=0_93?/C£, if iu 

-a- ^ = s 2£ ^ e-3^TSirt j ^fs^^Tj 

¥ffi?|i*)(^LT 10 o</'T-ifr cn> fW # t» 

=4o«pfi.4x i0 -xtoo- lj9 ;;t° B » 

= 2,0X1 0~*>.LE X 1 O - ' 

Jfc 4 t!lr-fl^^EC-3f»-C - SK 01 1 £ 
^J)^^4»*^<) Ft #J L> T 100 trf/T-Hr 
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13400 



a= 0,5 X 1 Q~*<1.2 X I 6" 

^ - l 



ft « 


^Sffi^dl 47V PP * f 






















// z 


so 

25 

25 


100 
100 
IQ0 


20 

too 

20 


A 
A 




60 
60 


200 

so 


6 

e 


^ J* 




* mm 


40 
4(3 


IO0 
100 


40 
10 





f&> ffl- £t ^ ^ ^ *■ 1 0 0 * * = *| ? a p 

7 - it J:"*] . 3e «0r "3 L- * K & 5ft » St 
ft f» - £A ho)^* 7 - Ai^ fikS 

£- * a i; t a o ■ 

ft -t 



Xft £f — 



flatted ^JSf H84U^ 

g(5 CO ^ ^ 

£ (209) ffifcfisSOIJfcflESSiMfc 

**s» ± j& at 
m a 

J£ iS "#^± (G14S) *fcrift1$ Uf^l£) 



6. 41 IE <£> & & 

e. iE <& ra 

IE ^ # w ^ ^.fflf © ift ^ ^ J: #S gg © 
^ IE * ■ 

£1 i: 
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m sttt am* k mot $ ■* * 35 £ rcft -c , - 

fltJlRi^^rri 1 0 0 0 w#x T & 3£ Ml , TIB « &t - 
ii 2 4 0 Hr ^^M-o, mK % . 

( 14X10 - B W ) ^ 1^X10™' 

c l t_j_m&mwiB.t ) 

[ tf/!t - fir > 
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(54) PREPARATION OF ETHYLENE POLYMER 
PELLETS HAVING IMPROVED ODOR 

(57) Abstract: 

PURPOSE: To prepare deodorised pellets of ethylene 
polymer suitable for food packaging use, by exposing 
raw ethylene polymer pellets to an odorless inert gas 
stream Of a Specific flow rate for a specific time. 

CONSTITUTION: Ethylene polymer pellets are 



charged in a semi-closed vessel such as silo, and 
deodorized by treating with an odorless inert gas such 
as N £ and air under the condition given below: The 
flow rate of the gas <1000m 3 rr.Hr; and the tempera- 
ture, the gas flow rate, and the treating time satisfy the 
formula [wherein t is treating time (Hr) f W is gas flow 
rate per unit wt. of pellet (m 3 /T.Hr), T is temperature of 
gas (°K) and R is gas constant, i.e. 1 .9£7Cal/mo!. D K] 
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Trocknungsverhalten von Kunststoffen* 

Drying, », Stockburgcr uad Dr.-Ing. F- Paulhabtsr 



be 



KumUtoffe njtoMtfw fur di& W&terveratrbeitT&ig auf &xtrtzde.m oder S^ritzgufima^chtT^4 
praMisck wattserfrez win- J>cw Troclc7LU.7ty$verhati&i d-cr mei&i^ hydr&phil&i Kvxist. \ , 
staff e hann mil den Gttetzen der Fliitti$keitsdif?<u$ieK in F&Rthor<p&Ti ukU.t vcr$infnck&i* M 
fen Ann^hmcn beschritbvn werden. Die VereiTifcschimgen, &&#(?meinen Gleichuwg$. ' 

systems jiir dsn WUrme- nml SioffauztavAch aufgr&Titl d&r befazwnten oder aew 
sli-mwitvn Mai^TialdgcTiscTtajtm dor Kunst&tofje, wbrdzn diskutierL Filr den. Full eitws 
kaj^inn-Urlidi betriebentt JSch^OGhdrockners rtzrdzn die Zos-umgm des Gleichungssystems 
imgegeben wnd mtt ExperimeKUn vtrglichen. Die. Ubereiiisti-mmuiig ist bejiiedigend. 



Herstellycrfftliten ffir Kunsistoffe 

Ktmsteione entetehei* dnreh. Polymerisation, Polykon- 
dentation oder Poly addition. Sie kannen in S^bstftrcz,. 
Suspensions Errralslon oder in L.5sung herges&ellb tvgiv 
don. Tab. 1 gibfceinenDWbliclt uber die gebrancMchaten 
Poiymewafcionsveif&nren. Die XVlyjuedHartaoji in Sub- 
stanz f ^hrk bti einer Sdnnclse, die man im attgemeinen in 
einoir Kiftd&ussigkcifc "ss-gm. Erst&rren bring-b tind 
.-jjiscnlieBend wicdesC a-bfcrennt. 33ei den iibrigan Ifoly^eri- 
sationavorfaJwen Tverden Vca dfrnntf ngSmiVtel Terwendet, 
die ebenfodls iiaeh de* Polymerisaiion a-bgeferennfc -warden 

TabDfta 1- "OTuMblfck dto vca*£iciiL£sdftnoii P<>]yyjMi-jSft.t.ic>itfl- 





im 
Mono -r 


mitboL 


Ixn Vot- 


loBlich 
im V cr- 


1) Su.bstn.ns. 

Po^yjTacr3aQ.tioja 










Folyin&rwilifcion 










3) Suspensions - 


5 a 


J* 




■ncln 


4-} S UsponEi crnsf a£] un fTfi .. 
Polymoriao-tion 










f>) Emulsions- 


HQ in 








(?) I-OEungs- 





















!!>&s Polymers enfch&H fast immer stosrende B*stautei]& V' 
von Monomtsren. oder Oligomer^ die haufig anf extrakti- - 
vem. Wege mit anscbi*e3ender Entfornttng des ExferBi^ : | | 
tionsmitteSs dem Polymcrt-fn abgefrrennt Ts^idcn, ■" ] 



33t-wcitGrtQ Frosting von Z>, ^onA-ii«ri7cr &uf dem Jalirc3- 
trolTon tier Yerfabrtyns-IiigeinieuY'e, ]. I)^ 3, Okt4*bcr in 
Stutl.grtrb, gbhAlfcftnon Vortrage3. 



Die bei alien PoSymeiTisatiQiJBVfarfahxcn ©rforderlicho 
Trcrmung Eiichtlger Pestandteilti bis &txi mjedrige Bc$t- 
^nt^ile ko-im. Ictztiicli niir ^xif thenafechem W-Qgo 
TrQcfciriing im ^ca^sten Siiine aaisgefiilirfe iverden. Wie3 
anfwendig die Trodknmig iafc, hSngt von der Art der 
dung der fluchiigen Substans an d&s Polymerieat ab. Be-' 
Bteht nnr cine grob-kaplHare Bind^mg, ^vie ctv?a bel den 
Klihl7ncdi«R der SnbstanKpoIyjntrisate, bo Iiegb die 
Trockmingazeit im Bereich YOU Sekraldeii^ nnd ea kaxm 
beispielswcis& "wShxend der pneuma-tischen !Forderung des 
K.Tinst3kjfrgrannla.t3 gotroclsnet werden. Bei Snsponsione- 
PoIymerisatGn, di^ niit dem ale timgebenderi Verdun- 
nungsmitt&l nicht mischbar snid, beceitet die Trocknung 
dsuin im allgemeincn wenjg Sch erigk eJ ten , verm di& 
eiozelnen Polymer -Toilchcn den primar ge"bildeten Tropf- 
chen dca Monojnercn im YerdiiDnnngsmiktel entspreebcu. 
".Da jedooh fiir ^vdele Zweeke der WeifcervcrSrrbcitung d5c 
SiispensionS'Folymenaa-le mit dieaen Tsilciieigrofien zn 
fein grnd, etrebt man grofiere Glebilde dnrch Ztt^axaxnieci- 
iagena der PrjmiLrtftiJchen einer trawbenMtJgeii Sfcrak- 
tnr an, X>ie erforderMche Trocltnungszeit diescr fca-pillar- 
porosen Korper — die eirieii crsten tuid einen 3£weite& 
Trooknwgs&bsohijitt anf-weiaen — riickt in den ^Bereicli 
von Minuten. Als Bcjapiel fiir dtoe PrO<lnkte eei da« Sus^ 
pensiorta-PVO genanirb. Unter dem Geaicktapnnkti der 
Trocknmig besondera imgunatig eind znaammengolagerte 
Saspension3-Pc>]yniematie ni&drige? Viskosit&t, bei denen 
sieh die Kapiliaren des HaTifwerks ^chlieBen konnen nnd 
die ZTvickelllusaigkeit durck zeltratibende ElQaaigkeita- 
diffii*Joa ausgetneben werdeti mu0. Fvr Emtdsions- 
Polynierisate gilt im Frinzip Iiitiaieiitiicli der Troeknung 
dfisselbe wi* fiir Suftpen&ioJiS-Polymerisate, sof em sie ge- 
fallt mid nicht auf Spi-iiH- oder WaJzentroeknern ge- 
troeknet werden. 



* 
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Am anfwendiggten "wird <Ka Trockniing, weim d&s Poly- 
mtre mit deft iludhtigen Substajisscrt ganz oder tertwulss 
ioischbar ist, wobei dia fKicbtigen Substan^ft Yerdim- 
nmigaj5iittfi] 7 niedermolekialare Bestandtftilt^ Exfcraktions. 
uittel oder abnliehea sein konnen. Grandsafczlich k&rmett 
iiese Falie- bed alien Polymeii3ationavejrfQ.brera a-uffcreten. 
tfter Hogt Flii^^keitediffiiaion ditircb einen EesiktVper 
ror. Dle&fcr Vorg&ng. Y&rlauft sehr langsam, und die 
frockmingszeiten. betragen mehrarft Sfcundem Es ist 
jbUeli, ihn durch das Ficksehe Gcsetz zn bcschxeibeil, 

Sekanntlieb amd aber die dntch daa Fickscke Gfcscta 
iennierfceii I^iimsio'ns^ ab ten eowohl tenpsrator- sis aueb 
konzentratiar^bb&rigig. 3?uy die Temperaturabh&ngig- 
iteit gilt in den meisten Fallen mit ansreichender Ge- 
aaaigkeiti d^e Gesefcz von Arr'h&niiis^ Abb, 1, wobei die 
AlttiTierun^senergie hanfig &Li annSkstrtd konstant ange- 
aommra -tferden feaim, Sie la£t aich somit dttrch retativ 
wenige-Messnngcn ermitteln. 



5 
2 

lar 7 



§ s 



tor 




s 




X 



# 3? 25 25 2/ ?£ 2£ jp "K-* 
feott von d&r jr^lprokoii T*»stipftrcvWr. 



Pttr die Messnng del- KonzcntratioJusabhiingigkeit dea 
DifFusionskaefrmcoteii bieten sich verscMedcne Wc.gr. an 
teieho aucb [!])_ $i& bfcruhen aui dem Prinzap, die JCon- 
zentratjon wahr^id der Mcssung mir bo wenig zn ver- 
Sndem, daii mit genugender Genauigkeit mit kon£is*tr&- 
tioftfiunabhimgtgen Djjfiidonskoefnfcienten gerechnct ^-er- 
tan darf. Man karm dann die Diifusionssahl dtirch Fer- 
meabOAtataniessmigcn an einer Mcmbran bei genngen 
Kouxentrationg-Lsnte^chiedcn 7/wis<ihen dftn bedden Stsiten 
dc r 'Membran odcr durcb iDesorpf^oiisineSsungen an Kfc- 
oder lai>gen Zylifldem bci geringer FD«ehteabnabme 
^ ibrer Abhangigktiifc von der Konaontration eiTOittebl. 
t>ie Me^ung lauft a^if die Eestsinmnng der cliiTundieren- 
dea Flusaiglieitsmcnge kw T die G^chtsabn^hyn^ dss 
frobonkrjrp&rs hinaiis r 



"Oberlegxingqii Kofwmtrationsabhaftgigkeit 

Fiir c!ie PraaJs fet ea jedocb im ailgGmcanen viel zxl aiaf- 
weindig, die KonzGntrations&bhtlngigkeit .naeh Gm&m die- 
Ser Verfahren k« bcstimmen. Ss -wntdt; d&sbi^lb can Weg 
gesuchfc, ^*ie man die sun: Bcrcclmnng eines Trockiitsrs not- 
wtmdige Kermtnis der koilzentratioiisabbitttgsgeri, 
idonszalilcn gertngerem Aufw^nd erreichen kann. IMe- 
sem Wftg liegen die folg&^dest Gedanhenganga zu^rande. 

In dcr aSlgemeinsten Form deft DiHiisionsgesetzcs ist da* 
' X>5^i3SionsatroTXLdlc^te # proportional dem Gtft<Uentcn d&a 
ciie23iii3cti«i Potentials jo Voluniyncinbeit 11 . 



I^itbui bedeu ten ^ die toaneportierte S toff men ge, be- 
zogen vat dtwa X^i^LBSonsquerschnitt; ^ie ward als Diffu- 
saonsstronidiciite bezciobnet, d|j.i/di? ist der Gradient dea 
chemistbesn PotentisJa des tUiTandierenden Sfco'flT^& ? des- 
sen Yolumenkonzentration, Z>o dor .OilFtiSsonskoejifizient. 
In dcr atrvngen. Form des Gesetzes miiGto aii^fecUc; der 
YultimenkonzentraUon Ci dtr Mol&iibmch Xi atehen. Eur 
Icleine Konsetitrationen,. die hier betrachtet WGrdca solleti, 
stimmeiL beide Wext-a in ^fcwa ^btreiii. Setst man die Be- 
ziebiing fur das ubemisdhte Potential, wie sie an 01. (2) 
dargcfitcllt ist, 

d Fi = JlTdhL^h) (2) 
in GL {!) e-in und ^t^rcibt Tn?in fur 

so vrhiUt niftn erne Form dea all^eTnqjnuji !raff\v3ionsge- 
ZbWA* GL (-1), die sicb mit def Fickstben I>iffusions- 
glftichimg Gt. (5) formal vergleich<5u-la0t: 
n , dln/j \ dGi 

" - Tr^r) — r ■ < 4 ) 

(5) 



Wie Hiari aus (G) entnvbmen katux, ist der Fickacbe 
Dilru^ionahoeffijssftnt mir dann konzentrafciongynab- 
bangig, TAreiin der Quotient dlw/iydlJift konstantiafe oder 
Hull Tvird. Das latere igt der Fall, worn der Aktrivi- 
ta^koefii&ient dea fluchtigen StofTes Polyjnerisat kon- 
zentrationsunabbangig ist. Bekanntiicb trnTt dies im Bc- 
reicb der tdtt*-l Verdunnten L-osimg gcinafi Gl, (73 



const , 



P) 



Dieser Bei^eich w-ird durch day H^jnryscbo Gesftti be- 
seiirieb^n; da man annchmeft karuii dafi im Bereieb 
idealer Yerflnnnxmg aucb die TranaportgroBe -D D kon7,cn- 
tratjonsu^abhangig ist, sollte bier aucli der Ficksobe 
X^jffuaonskoeffiidcnt Z>p konzentrat-ionsunabhangig sein^ 
QL(8): 



15mi> F = const. 



(8) 



11 l^iriii^Ucichci] am SchluS dcr Arbeit. 
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3>as Picksche Geseta kann also ebenso wis das IXcnrysche 
Geseta ak din Gnm&g<?seltf, fur den Bereich tdcalcr Ver- 
clttnnung brlrachleb Vr-ertlen. 

Abb- 2 mm Gleu&geto-ichtsknrven vereeln'cd^nfcr 

lyosungsnrifctel 5m Polymeren, Mart cikennt darans, da-R 
ftir niedi'igfi Koflfcentrationen im Bereich «nter 0,5 bis 
lGew^Vo das Henryscbe Geseta ift der Form qnt = ^i^l 
im Bereich dor MeBgenatiigkoifc erfullt iat, daft man in 
diesenl Fefuch&Igkeitsbereicli nacK dem Vorivusge&agten 
also atttih rait korssfcantcn Difni^onskaeffittjcittten rechnen 
kann. 
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Abb, 5L SorplionBiEot-hGrrrHm von I^olymcroti. 
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JCs crhebt sieh die Pr^e s welch e Konsequenzen sicb d<im- 
nach fur die Bqrechmmg d&S Trockmingsvorkaltens von 
Polyine^en crgeben. In der weitau3 nberiviegenden Zahl 
aller Falls darf der Restgehalfc an flitektigen B&standtenen 
mchfc tiber 0 T 1% liegen, sejl' es, "weft die fliicbtigen Bestand- 
tefle gerncll&belastigend oder gesurtdheitsgelabrdcfld sjind 
odftr b&ufig deahaib, wc>l ste bsi der Wwlcrverarbeitung 
in Esimdem so BSa&enbildung und ahiillchen Stortiftgcftt 
fuJiTen. Ate Gxtwsmes Beifjpiel Ovi Poiyester-Gr&mn'af) er- 
^Y&hnfc, bci dera, iini Hy<lrolyse vcmieiden, det Itest- 
^v^scrgchttlt b«"m Wiederaniatlnnelien miter 0,01 */a Jie- 
gen mnG. Kefcrachtefc m&ti n^ift eine b&Kobigft Trofikmings^ 
verlftlaf3kvr% fc -c bi^i kon?5t-anter Tempera-tur rtfr<ih Abb-. 3 9 
so crkennt man, daft fur die EndtTOckm^ng im 3?encht-ig- 
keitsber^Hich ynter lGe^-'/s ftufgrund d^r kWinen Poten- 
tmlumfcerschied^ imd dcr niedrigen DiffusjonsKahl i^i? dsr 
groBfcc l^il der Trockinnigszeifc atifanwcnden iat. 

Nacji dein Voi'aiifigcsjLgten sin d die IDilni&jorislvocFfizienten 
jiiditssem Bereicb koTViCntrsiijott^imabhangig. E^stelH 5ich 
diuriit tlic IFrnge, ob man laittht mit fiir die Praxis ans- 
i-ei^ihendcr Genauigkeifc auf die aufwendige BesUananmng 
dcr KonxefitrationB^bJjangigkeit des I>j^f\3SJO)iskoefnzicn- 



t-en Tersd^btcn -und mib dem kon&tanfcen Difftisibn*. 
koeffizienten d(;r liJlldkocknung reehncil kann. 

Iter rechnerisohe Trocknwngevcrl^f muD b&i tinctn An- 
satz mit konzeutrfl-tionsTinabhangigen I^iffttsitHtskQeffi. 
^ieftfcen im Bereioli der Endtre-cknnng mit dem gemesse- 
ntn Trocknangsverbi.'af uberdn&tittimen. Damit ergib^ 
slob re-Sn nSChyu*riftoh ein Anf angsfeneiitigkcitsgehalfc, dcr 
nnter dem tatsaoblichen liegt 7 d* die Troeknung ku 'Begins 
rastthcra-b]S\ift 3 aJs <lxft liechnnng mifc konstfl litem. Diffti S i_ 
onskoeff izienten ergibt.Um derWaime- tmdFe^chtig^eils^ 
bilans Recbnwng iragcrt, mstn dstm den in Abb T 1 
dargesteU-fcen Trocknnng^verlani annehmen. 3>3e Dilfe- 
reGnit ^wisc^icn reelmeriscbom \md tatsacbliehem Anfangs^ 
fenohtigkcitagehalt kann man als Ma& fiir die JConzen- 
tratdons^bbairtgigk^iti des Diitvwowskoeffisiientoft JD^ ft t,f_ 
fasacn. Sine ^OTanssetenng der Bran ebb arkeiti dacses An- 




; 2 3 4 5 Jj G 



TrockTiViwgse&jiipairatAir, Drutk I0 -ft Torr r fliich tiger Sfcoff i Wwtt^ 
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TrGCknungsztif /— *- 



Abb. -i. VereinfncliUi Kurv* filr den Trockn«ng(i^r)ftwf von 
Polymcron. 

fctitiuoWitbeie TtooknungavGrlauf;. A LtitQhvh] ieliO Anfaflga- 
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satzes ist es, daft der rcehncrische Anf angftwMscygelm.lt 
von den Ruidbaungnngui dca System* vnabh£ngig fct, 
Dill dies tatsiichlich antnfift, zeigfc Abb. 5 fiir drm Fall 
veritoderlfcher Temper&tur. stent den Tiockn-ungsver- 
lauf von Polaroid- Graaiilat bai versehiedenent Tempcxfi- 
funm im Vaknom von 10"* Tbnr da r . Die Extrapolation 
des EndtrocknungaverJ&Mfes ftihrt in alien Fallen sum 
selben Punkt, der 2. B. fiir Kug4ln um den Faktor 6/^ 
tiefer liegfc ala der recbBerischc Anfang^va^&rgehalt, Es 




* J" 4 

Abb. 5. Trptkrtnn^vcrlmif von J5?y]on 6 twi YarsobiuaouM Tem- 
porfttUTOn 1?; flSicbtijjGjr StofT: Waenftjr. 

«rilte somit moglibh acta, mit fconstanfcen DiCfosionskoefn- 
zienten «ncl mit fur die fcinetischesi Betrachtimgen modi- 
fizjert&n AnfMgswaasergelialten das Trocknu^gsverhal- 
ten von Kunatetoffcn unter d*r YoM^feuftg extern 
nicdriger Endtaichfcigkcifc zu facwhxeibim mid <1» Troekan- 
verfabrcn varaw zn bcreehr»en. Hierai dor ailge- 

md» %U zcitlich MndfrUabit lUndbcdingungen nnd 
mit der Temperatur verandtirlieber StoEgriMten **. 
traohtet. 



O 

* ^ea aften Austau&<>hpr<>bi«mcn zwiscben xwei Merlin 
i..,. mm audi beta Tw&nen ftun&ch&fc von dem fol- 
g^nden Gl^ob^n^y*^ eines Trockners ausgehen- 



3. o. 



]. 
2 T 
■i. 



9_ 
30. 

U.u, 12. 



line^ivbiJftn-j; 

Impuhsuborgaisg: zwif^btai A 4tk M«)Sca\ 
3ft>pnlaLr*nSiSort in don I^tai 



Die A^fgabe des projekticrenden Ingfenieurs besfceht n TO 
wet* farin, dies** Gloidnin^ssvatem so writ *u vtrein- 
i^ien, da8 ea oner rccunqrischen Bdiandhmgauganglieh 
^xrd. ^Idfacb worden d» Verhilltaisse dabei Burner dann, 
wenn Transportvra^ango m den eH>zeln Gtt Phaean 
Mnt^rg^-dn^ ftolle fur cten g<sai*t.en V«™ 




.B(h der Trocknung von Kuhststoffen mit FJusaigl^ite- 
diiTu^jQii iyt ebf.nfaJls einc wesenfclicfiG Vereinfachung des 
OlmhuDgasystans moglich. GrUrtdsatxlit-h komincn rnir 
Langy-ei^rockenv^rfahren in Ifrage. Es sei dcshalb am 
BeSspiel cines im Gegenstroiii bctriebenen Scb^clit- 
OrocJtncrs diirgeatelJt, \vie sich das ailgemeine Glc-i- 
ohungssysfcem eines IVockneras i «r Knn&t&fcofFe rait Fln&eig- 
keitsdiflfusion vereinfachen laBt, 

Bta einem" im Gegenstrom betriebenen 3Scbacbtfcrot?knor 
Jicfert die Impukbetrachtimg die maximal ft Gaage- 
schwindj^ket^ bei der noch ein G^genstrom von Gut und 
Gas noo^licii ist. Paris bcr hitiftiis ist &ie jtdocb von unfcer- 
geonlneter Bcdetitung, Anf aie clcahalb folgendcn 
Bi<!ht nsLjjoi- eingega^gen wefden. 

Damit verbietb* nodi cin System von acbfc Gleitsh-angcJl 
fiir dan. Warme- imd Stoffanafc&tiscli. Die Bilanzglciuhun- 
gen &md dabei iffimer rftlfrtlv einfaoh. t>ie Bfttling^ng fur 
dan Warme^ibcrgang an der Phastfiigranzflache laiatefc ge- 
nugend genan : 

Vom HocbvaiiLTmns sei dabei a-bgcsehexi. 

Die StojFSbergangabedinguilgisfc dur^b das Gleachgeiricht 
-des Absorbats in Gas \m& Feststojff bestLmmfc. Pur den 
Warme- «nd StolTtratisport in der lesteji Phase gclten das 
l ? 0iuri«rsche nnd "unfcer den firoher genjacbten Votans- 
Betauwgcn das Piokscbe Gweia [3]. TTtfr ImgelfOnnige Tcil- 
chon la-nt-en dieeo 

(9) 



CJ Z # 2 
4* — 

T 



3r 



7?7T + 



(9a) 



5G T i dG 

"17" = '"?r 

Bei Kunstijtoffen liegt nun di tf Tempcrat-urleifczahl in der 
GrofienOFxlnimg ^on a n bas 10^ J m 2 /k 3 die Diffti- 

sioxisiBlalen ab&r in der Grofienordirang von i? K> 10"^ bis 
lO-s mVb, so daJS gilt » s> £) . 

Sondfc bildet slob djis Twmperalurfeld sehr vied rather 
atis & is das Konzentirataoiiafeld (Se3ti2rtden gcgemiber 
Stunden). Damit kann Avahrend der Troclunmg eiue koii- 
stftiit&Temperati.ir frmerhilb der KimirtsfcoOpartikcl Ange- 
nonrmen ^vorden. Sobliefilicb Vfsdanft der Warme- w\d 
StofftoHSport in c3er Oaspha&e um & n VieQiadies r£L&dcier 
als in der f eatsn Phase, 30 daB a^ch er nicht beBtfmniejid 
Fiir die T^>ftknnn^gBsehwin<ligkeit sein fcajm. Somit 
bleibt ala niaGgcbende Bcaehnng fiir dje Xirjet5k des 
TrockmiugsprOEeases die JTicksche rfifforentiolgieiehnng 
fiir die Dilriision der Fliis^gkeit im 3?eststqiT. 

Das Gleichungssystem fur die Bereehming eines Schaebt- 
fcrocltriftrs Jantet Somit 

r . . ... i 



L 5s 



0i 



(10) 



459 



Received at the EPO on Jul 02, 2009 1 0:08:02. Page 78 of 93 



G2-Hei-20G9 10:54 european patent office 0999498923994465 



79/93 



1 



PS. 



3r 



2 

■ + — ' 



(14) 



Diesum Gleichungssystem rmifl nc-eh die Warmebilanz 
d<Ki gt^amtti^ Trockners Mnzugefiigt werde-ji ; s^i^r ssfc der 
Zeitraum sum Urreiehsn dra TcmpGratutaTasgleiehs 
zwisch&i* Gfttf urtd FissfcsAofF klein, die Gesamtbilai^ Jegt. 
jedoch das TemjMsrattiraiveaii fest, bex dem die TYoek- 
mang abla-iif t. 



SchlieGlieh mufi noch beachtefc warden, cl&fi war ia die 
Gesamtbilanz der fc&teadbliclie Aj^ang&feiichtigkeifcsge- 
halt, A-ls Anfang^bedingung £ut d&s s-^cxte Fidkschc Ge- 
sctz, jcdoch der rschncrfsche einssuset-zen 1st. 

Waoh den Gin. (10) bis (15) werdca folgende stoffspezi- 
iischen GroBen fur die Berfcchmtng des TroGknungsver- 
l&ufa iwj Schachfctj-ockrreT benotagti; 

ft) Spcstifischo "VVftrmoii von fcatatofr, C?as. und ^ouchto oJa l^unkr- 
tt<>n dtr Ttnrj^jerjLti2^ F 

b) DighiA des IftMrtafoffca, 

o) 13!lTtifiiOitialcfl(sJfi7.ieTit ata £"imktion dpr Tt:mp&raL«p und rocb. 
d) CiqitligowichtijfoticIitD Jfoj ni* 3?n»kLfaii von 'f empcratur vmd 

c) Ve!^it.T7ipfnngsQntJialpLa tfor rclnan fitichliggn SubBtaiiz.. tienftu 
A3lKcjbi7'>g50T>thn-lpio "bBriichsichtigt wcrdon. Ftir dam J&tvec-k der 
rtAitTgkcit i. a-. B-lhcrmischc- MischungoR voritussct-Ecxi, 



Die DifTasionskoef fizientcn fiir den Bcrcich der EndtrOck- 
ivung wiBPclcn durch l>Gaorpta<>»si.tt^u>igen Sn eincr rcgi- 
strierellden Sorptiaiuwaagc [4] am Origjnalprodukfr er- 
mittelt, Sie lasscn sacls in. qinfaciicr Weise ana der 

gleschxuig, Gl- (9a} ? crmiHcbij die f«r konsfcante Kand- 
bedjJigUtigcn und Kiigeb^ folgendc Form tiimimmt: 



{n si)* 



Das Kuiisistoffgrn-miJsMj lag »wtit in X^orm kJejjfiei: Zy\ij\- 
der vol', -Nvird aber iweckmilBig fur die llethmmg durch 
eine To-lumeiiglticbc. Aq\UTdJerittogel CRet^U 

Fiir groCe Zeitw - dea Bcxqich de? Endtrocknwji^ - 
iassen mvh Glicdet hdberec Or-drang vwnitchl&ssig&n. 
WiibH man anJSerdeni Vaknuin »ls Umgebn»g, so ist die 
ftftumfeuchtc des Grannlais viei kleiner als die mitfclere 
Ftmcbte, imd man ei-lialt fur den DiJTiieioiiakoeffi^ienten 
die Beziehung 



laflt somit ans der ia ekiftt Vaknumsorpti^nB^I., 
iva&ge ermittelten r^tKOrpiionBlsiurTe bereetecn. Dies 
vier TCKfcSnedeao Teniperat^rftn ausgefuhrt, ojrgibt die 1 
Temperatiirabbangigk^it des Difriisioiiskoeffi^ientefl. Eiir V 
ISTylon 6 erh&lt man k. tlie Beziehmig 

B ^ 7,0, lo-s^irs/r [ma/li], Tgemeasen m oJC. 

Es sei Ttochm^ls ftxssdrncklich daranf bingewiesen^ dafj die 
ho ermittelten DiJrusionskoeffizi^n1>c«t keine Stoff-werte im 
Sinnc sind, sondern an die'Foriaa des PrSfkorptts 
gebisnden ^nd. 



Ergebiiisse der Bereehnuiig 

liline X^osnng des Gleichtingsaysteios i&t nur aixf numeri- 
schein Weg m^gliobj, da die StoSwerte tempera-fnir^b- 




?30 75iJ 170 750 190 V C 

GqssfnfrftfsiemperQfvr 

Abb. 6. TrocfrnungBzetb von "Nyltm-O-GrmnuJfj-t in. AbbS-ngifi^^ 

^;/t>'s ~ 5. Fi'odiiktarndffluchto 0,09% ; ProtlukicintrittBterapGT-D.- 
tiir 90 C C, 
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Abb. 7. VcrglcLch xwiBohen ]RGchj>vng und Messung ts&S <ier 
TroLlcining voti NyJon 5 i:n SuhochUnxdcncr. Fliichtig^r $tofl": 
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_^gig yjitl die Knsidbe^gxirjg fiir don StofTriberga-ng 
*' acit^bh£iigig siiid. J-cr dfts Zwoistoffaysstem Nylon 6/Was- 
^-ser wurde die K&chmmg mih Hi]f<s ernes JWienantoma- 
ten aiisgsfiihrfc. In Abb. G sand eircjge Ergebnisse d*rge- 
etcllt. Sis zeigcn den ^nfluS dor Gas^iitritt-sfcxicht-e und 
-tempfiHttur ftiif die Ttoqluiungsaeit, Djc Gaseinfcrifcfcs- 
feuchte x c hat ntir tfann einei) nenncnswerten 35influJ3, 
^enn die zugeliorigo GlcacLgemchtsfeuchlifc des Kunst- 
atofftt seb r naiie u di* geford*rte Sndfeucbte heran 
komttit, da daym Tv&hrend der Endtroclmni^ die Kon- 
2<jnfcrat5onsgrfl^iei5tfin eehr Jdein iverdcn. Abb. 7 zoigfc 
senlicGlich nodi <jinen VeTgltith jtwistsbisn Hedburang xmA 
MeCei^ebnissen an cram ToohnikujiiBtooekJuer Die Obar- 
riutiiranmg Safe beiricdfeend. Die Btrtming der Mefl- 
tvcrttf isrfi in. etster Ix>*j & aaif A3i«Uyaen-"DngMtatiigkc^ert 
zTu-udszufubrtm, die bei den niedrjgcn Feutihtan kausa zu 
verrneiden sind. 

Singftgft^gen ju n & t j awftT ipg? [B 2CS3] 



It 



9?i 



[kcnl/kiuol grd] 
Ikcal/kinol} 



Gas 

W Wasiffir 



stiimllicho StofTmonga 
Radi a) It ompon on to, 
Radius ^ines FaVfcikele 

absolute TkraneiraUir 

Fencbtc, bewgcn auf ti-Dcltories Gas 

Molonbrvich dct KonspoisGiriio i 

FGuchta, bczogcii auf Iftickonen ? w t- 

stoff 1 

TwnperatrWt 
chen*. Potential 
rcl. Fouehto im Gaa 



i Phaao 
m ttnttol 



JO* 



ra s /h 
''ml/kg] 



apM. WiirYnc 

V ol nrft en konv, tro-t i on. 

allgraneinor Diffusa attsfa oaf ft suit & 
JiiiTQRlonjhjt.tomdio'htO 



Lifersiur 

[J] j£. itffiiGr, clicsra Zeitsthr. rfJ, 472 [IOCS], iu dSoHont Hoft, 
York 3. ORG. 

[3] IT. tf^cr, ^ a. H. : Die Gs (Jgese tzo <lor Warm*. 

iibcTfiragung^ ^. S. 55. Beriiij-Gottineen-l Wclbe^ J*J55. 

[4] JC. jVti^^ die-so 51eLtsclii:. ^5, 027/31 [J Sol]. 



Zur ProbJexnatik des theoretischen Bodeiis 
bei der Polymcr-Frafcdomerung* 



Priv^Bo^ Dr. 3 r Ttlcin 

Institut fiir Technische Chzxxilz d« T^chnischca Hochsehule Miinchen 



»sr Uieorotischo Bodqn ist fyjf die Besohtctb^g U n<3 AmJt- 
Sung von thiarmisthon TrciprtoptiMiAiontai in <fcr "Praxis von 
^cbeidender Bed^tuiig, l^lym^Frakti 0 ni milI g Cn> 
ai e Tiber dtfijiiizrfcft I,dsung^leio]lg4wicJit<s ablaufcn i n, sind 
ebdnfsil* * v den tbermi»h«i Tronnoperat-ionon ^bl^- 
Oino DeMtion dar thoorotlMh^ BodisiwM iat fur d idsr Opcm- 
tionen b^hei nocb nicht gegeben cordon, 

S*is T^oblem rtcr P&lyinuF-Ti-cnmzi-g bestebt in dor Gqwfn- 
*»mS ^iiier mogJiehRt, „ainl>«tlifili«i- Fraction aus oSr>er 

«ta mobaitli^ur Mllonm b^ebfc koino Mflrffahkciilj. 
i^ncl die OTawhgewiehtskq^on d cr G m KB l n on Polyzi«n--Spc- 
riia deai MolcMaafgwHiIit Af, U nd dio Arbsitsbcdin. 

' ^^^ug ^ Vor^f^B ai^f { j em Jal^^^ffen dcr V C r- 



gungen bekannt, 50 stud die notwtjiitiig&n Voranssebisun^n 
fib- dio Dennition det Stiifenyjibl awch La oinoTW doo*&rt 
komp3q?ceri System ^egtben. Dgt Diskussion d©s Tt&nnpro- 
^cs&cs kanu <3abBi cvin (jrapjHSfcJics Vcr^hren zugnmde gol^gt 
wcr<kn (2), s, da»u Abb. 1, ~ " 

^liS^btind fiir di& "eodcaifiaJi] isti nun nichfc di* GeBamtKrtJil 
der Sehritte. dio miro Aufbiwusn eIaot breiten Ausgangs- 
Esubsfcana in iy>eh«r<j FlllkLlonen dicnt, sondttn Zabl der 
GIcieh^ewichtKCijnsU^lIbngGn, dies smr O^vinnung piaea bt- 
sUiTOTiteii Produkisflhnattes, as. B. einei- Fraktion der 
kuJargffwichtiS-OroBcnklnsse .!tf 0 bjs M & in Abb. I, Tiotw^hdi^ 
sai.. fMit Stem (M'J wardpn speaitjjl MoJiikiTlargcwichte bc- 
xeiclmetV, die FuBpuiikfr ewijor bcatimmten Lus3iq]i'keit,£linic 
ftind, tL h. M" gch^rtzn X, 3a L»usw f ). Es sjoi'gt ejich nun, 

d.iB oin Produfct «J llr cb 7nbbdcstens uwui GlcicbgffWLchfcsaEn. 
stpJlHnfifin oiiidtt^ig ebamkterissert iit. Dahnr sobeinfc 
sSnnvo]] f cii^e diireb die btiirien Gi^ns=<in u »d £n ficgabeny 
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Uniform Purging of Resins 
in Contact Bed Purge Vessels 

B> H. PITTENGER, J. w* CARSON, J. K. PHE5COTT, ondH. PURUTYAN 

Jenike & Johanson, Inc\ 
One Technology Park Drive 
Westfbrd, Massachusetts Q18SG 

Resin storage vessels such as bins, silos, and tanks often double as purge ves- 
sels, in which products arc purged of voladles or polymerization reactions are con- 
trolled. Processing is achieved by gas flowing among resin particles or pellets. 
Problems associated with these purge vessels include typical bin flow problems 
such as Sow stoppages due to arching or ratholing, erratic discharge, particle seg- 
regation, and flooding or flushing, in addition, purging may be non-uniform or in- 
complete, and cross contamination between grades may occur. These problems are 
often the result of either a funnel flow pattern, where some of the material in the 
vessel mores while the rest remains stationary, or a non-uniform velocity profile, 
where some parts of the vessel flow much fester than others. Also, the location and 
the manner in which gas is injected into the vessel contents affect the uniformity of 
exposure of polymer particles to the gas* This paper describes methods of designing 
purge vessels to eliminate stagnant regions. Also, velocity gradients of solids in 
mass flow vessels (where all of the material is in motion whenever any is with- 
drawn) are discussed* Considerations of the gas introduction schemes that do not 
disturb the resin flow pattern are also described. 



The plastics industry is one of the world's largest 
producers of bulk solids (e.g. + powders, granules, 
pellets, and flakes) (1). In almost every plastics plant, 
the plastics are, at one or more points in their pro- 
cessing, heated, cooled, transformed, dried, reacted or 
purged. While the concepts put forth in this paper 
apply to all these processing steps, specific attention 
wHlbe gtven to purging. In this paper we will refer to 
the processing fluid as a gas, hut the comments apply 
almost equally well if it is a liquid* Vessels designed 
for purging resins are often adaptations of conven- 
tional storage bins and silos modified to achieve the 
desired process activity. 

One approach to the design of such vessels is to flu- 
idize its contents. This approach works well with fine 
powders that are non-cohesrve, allowing intimate gas/ 
solids contact and high rates of solids and gaw flow. 
Resins that ate cohesive or contain larger particles do 
not fluidteze as easily or as uniformly, resulting in nan- 
uniformities that afreet process efficiencies, Even if 
the resin is relatively fine in particle size and non-co- 
hesive, a fluidized approach has several potential 
drawbacks'. 



■ Capital cost A fluid bed processing unit typically 
costs two to three times as much as a non-fiu- 
idized [contact bed) unit. 

• Process complexity. Fluid bed processors often 
contain mechanical agitators, which can be a 
maintenance problem- bed plates, which tend to 
gum up; large blowers and dust collectors; and 
si gnifi cant auxiliary equipment. 

t Vent sizing. Fluid bed units require significantty 
more vent area. This can be an acute problem 
with explosive materials. 

• Gets volumes. Significantly larger quantities of 
gas are introduced than wJth a non-fluidized ap- 
proach. Not only may such gas usage be expen- 
sive, but disposing of or Cleaning up the gas may 
be a major problem, 

As described in Perry's (2), all of these drawbacks 
can be avoided or at least minimized by using a con- 
tact bed system. Design considerations for such sys- 
tems is the subject of this paper. 
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TYPICAL PR0BE4H*S 

Contact bed systems often exhibit flaw-related prob- 
lems which can severely impact the quality of the final 
product, the operational efficiency of the vessel, and/ 
or the startup time required to reach steady-state 
operation. Some of these more common problems 
include: 

• Incomplete or non-uniform purge. The resin parti- 
cles discharging from the vessel may not be com- 
pletely or uniformly stripped of residual mon- 
omers (e.g., propylene or ethylene) or uniformly 
reacted. Often this is a caused by non-uniform 
velocity profiles of the resin and/or the gas, 
which cause the resin's exposure time to the gas 
to be non-uniform. If the gas is introduced at a 
point where the solid's stresses are low, localized 
fluidisation is likely to occur. Also, if screens are 
used, they may blind over time. Both of these 
phenomena cause the gas introduction to be 
non-uniform. 

* Excess gas usage. This may be required in order 
to ensure that the discharging stream always 
meets the minimum processing requirements. 

* Cross -cordajnin n tron After a grade changeover, 
material from the previous grade may contami- 
nate the material currently being produced for an 
unacceptable long period of time, 

• No discharge. This is usually due either to the 
formation of a stable flow obstruction at the out- 
let of the vessel (called arching or bridging)^ or the 
formation of a stable vertical cavity above the 
outlet {called ratholing) (3). 

• Erratic discharge The resin may exhibit signifi- 
cant flow rate or bulk density fluctuations as it 
discharges from the vessel. 

■ Parhcte segregation.. The resin particles may sep- 
arate by shie, shape or density within the vessel 
(4). If these particles discharge at different times, 
quality problems are likely to be experienced hi 
the final product- 

* Flooding. The resin, if a fine powder, may dis- 
charge from the vessel in an uncontrolled manner, 
rjehavmg more like a fluid than a. bulk Solid (5). 

3* CAUSES Or FLOW-KELATED PROBLEMS 

Many of these problems occur because of a funnel 
_ftow pattern in the vessel (3 T 6]* This occurs when the 
walls of the converging hopper section at the bottom 
of the vessel are too shallow or too rricuonal for the 
resin particles to slide along them. Funnel flow can 
also be caused by an improperly designed vessel in- 
sert (7), With a tunnel flow pattern, material flows 
preferentially through a funnel-shaped channel cen- 
tered above the vessel's outlet, while material outside 
this channel remains stagnant.. 



Other potential causes of flow-related problems in- 
clude; 

* lJDcalized jlukliscitinn. Unless the region where 
the gas is introduced is properly designed, parti- 
cles in its vicinity may become fluidized. The re- 
sult is highly non-Uniform gas and solids flow 
which can propagate through much of the vessel, 

* Outlet too smaJL Arching can occur if the vessel's 
outlet and/or solids feeder (usually a rotary 
valve) is too small. Consideration must also be 
given to the required range of discharge rates 
when designing this section of the vessel. Gas 
counter-flow through the outlet can severely re- 
strict the resin's discharge rate, particularly if it 
is a fine powder (5). 

* Non-uniform solids velocity pattern. Even if a 
i i ills $ (low pattern develops (described below), the 
resin velocity pattern may not be sufficiently uni- 
form to meet process requirements. As explained 
below, this can be due to the converging hopper's 
angle or smoothness, design of internals, method 
of gas introduction^ etc. 

4, RESIGN FEATURES TO ELMMEVATR 
FLOW-RELATED PROBLEMS 

The primary purpose for the vessel must always be 
kept at the forefront in the design process: to effi- 
ciently and effectively perform purging. Other consid- 
erations including safety, environmental impact, and 
operating costs are also important and can often be 
simultaneously Unproved while also ensuring reliable 
performance. 

The first key to eJhnir*ating flow-related problems in 
a processing vessel is to design it for mass flow [3, 6]> 
i.e., a condition in which all the material is in motion 
whenever any is withdrawn. This requires considera- 
tion of all the internal converging [and diverging) sur- 
faces, the method and location of any gas injection/ 
venting, the gas and bulk solids in-feed rates, bulk 
solids residence times, and the outlet and feeder con- 
figurations. 

The first step in achieving mass flow is to ensure 
that the converging walls of the vessel are sufficiently 
Steep and low enough in friction SO that material flows 
along them. In addition the vessel's discharge outlet 
and feeder must be sufficiently large to prevent a How 
obstruction (an arch) and to provide for the maximum 
required rate of discharge. These two conditions will 
ensure there are no stagnant regions of material, a 
common problem with funnel flow designs. (Rathole 
formation docs not need to be considered since this is 
automatically eliminated in a mass now design-) 

In most high performance vessels, it is not enough 
to simply ensure flow along the hopper walls and a 
sufficiently large outlet and feeder. A uniform resin ve- 
locity profile must also be achieved in the purging 
zone, the gas must be injected such that the resin 
particles are uniformly exposed to it, and flow insta- 
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bjjlties such as localized ftuidization mu$i be avoided, 
Variations in the final product may occur unless all of 
these factors are taken Into consideration. 

9. PLOW PROPERTIES OP A MATERIAL 
RfcSCTREO TO DESIGN FOR MASS FLOW 

The flow properties needed to design for mass flow 
consist of: 

* Flow junction. The cohesive strength of the resin 
as a function of consolidation pressure. 

* CcmpnsssibiEfr/. The bulk density of the resin as 
a function of consolidation pressure* 

* Angles of internal jHctioru The friction between 
resin particles as a function of consolidation 
pressure. 

* WaSlfiictiPfn. angles. The friction angle (<f>'j be- 
tween the resSu and the wall surface material to 
be used in vessel fabrication as a function of con™ 
solidation pressure. 

■ Permeability. The superficial gas velocity through 
a bed of the material as a function of bulk den- 
sity. Tbis is measured after establishing a gas 
pressure gradient across the bed of solids equal 
to the solids* bulk density {&). 

All of these parameters must be measured for the par- 
ticular resins being produced and for the expected 
range of operating conditions (e + g + , temperature, 
grade, moisture or other volatile?, residence time) (9J. 

ft. -rtmCM* OF CONTACT BED UNITS 

For many years contact bed units have been used 
to purge resins* A brief review of some of the more 
common techniques is presented below. 

The apparent purposes of inverted, cone-type inserts 
are to force the solid's now channel to expand, and to 
provide a means for gas introduction near the -vessels 
centerHne. Most designs of this type achieve these 
goals amy marginaBy, Model studies investigating the 
sizing and positioning of such Inserts [7] clearly dem- 
onstrate that, if they are placed in a funnel flow ves- 
sel, their size and location are critical in determining 
the expansion (if any} of the Sow channel. An insert 
that is too small or too large* or too high or too low. 
relative to some critical size and position will expand 
the flow channel very little, if at all. Even if optimally 
placed^ achieving full mass How is doubtful, particu- 
larly since such inserts have little effect on the flow 
pattern below their base- 

Proper consideration of the loads acting on an insert 
is essential so as to ensure its structural integrity. 
Some studies [10) have indicated that a crude but 
reasonable estimate of the vertical load acting on an 
inverted conical insert can. be calculated by assuming 
a hydrostatic head pressure acting over the ins erts 
projected horizontal cross^ectiortal area. This is a far 
greater load than required for certain other insert con- 
figurations. 



In addition to ensuring that the structural support 
members are sufficiently strong to resist the loads 
acting on an insert, consideration must also be given 
to their configuration and positioning (11). An in- 
verted cone is usually supported by legs or cross- 
beams connected to its base. Since this base Is almost 
always located within, the converging hopper section 
of the vessel* these large support members often pro- 
vide a major impediment to solids flow. In fact, any 
beneficial effect of the inverted cone can easily be 
negated by these supports. 

Inverted Cone (12, X3) 

One of the more common designs for purge vessels 
utilizes a bin with a conical hopper, usually 30° (from 
vertical), with an inverted conical insert (sometimes 
called a Chinese hat or coolie hat), as shown in Fig. 1. 
Gas is often introduced underneath the inverted cone, 
directly into the material through the free surface that 
forms. As an option or variation on this design, gas 
may also be introduced through screens around the 
perimeter of the inverted cone and/or through the 
outer hopper section, usually at one or two levels, 

Sometimes, a simple conical hopper is used -without 
an insert Gas is introduced through screens around 
the perimeter of the hopper section* either at one or 
multiple levels, or along the entire length of the cone. 
This is more coimnoniy used for pellets than powders* 

Many screens* depending on their hole configura- 
tion, material of construction and surface finish, re- 
sult in a surface that is too rough to provide mass 
flow at the typical angles used for hoppers* In addi- 
tion, even with sufficiently smooth and steep designs. 




Fig. 1. Funnel Jioiv designed. zes$&. u?££?i inverted ww? insert 
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solids 
distributor 




screens 



FTtg. 2_ Basic vessel geometry described in Kerscher patent 
(14). 

the method of instaiTptinTi often results in many, large 
weld seams which, are typically much mare frictions! . 
even after polishing. Finally, gas flow uxiifarmiiy 
across large screens is more difficult to control uni- 
formly. 

tterschcx/Gooriyew Patent ( 1 4) 

This design utilizes an insert in the conical hopper 
section. Gas is introduced through a screen on the 
upper half of the insert, along with a screen around 




glide body" 



open to allow 
gas introduction 



Fig. 3. Basic vessel geometry described in Weber patent (1 5), 



the perimeter of the vessel at the hopper/cylinder 
transition point [Fig. 2). A solids distributor Is used to 
provide a flat angle of surcharge, and minimize segre- 
gation of the incoming solids. 

This design, by combining an inverted cone with 
screens, typically suffers from the limitations inherent 
with each technique, 

Weber/Scrgwerfatverbaiid Patent [15) 

This incorporates a "glide "body/ or insert, in the 
hopper section of the vessel, This msert consists of 
two parts: an inner bullet-shaped insert and an outer 
converging section. The converging section forms an 
annular region, through which gas is introduced. Gas 
travels through the outermost ann ular region as well 
as through the center of the vessel (Fig. 3). 

This is an improvement over the traditional inverted 
cone, in that additional elements are used to expand 
the flow channel. However, the influence of the inserts 
is primarily limited to the region above them. Thus, if 
the lower hopper walls are not designed for mass flow, 
stagnant or extremely slow moving regions may de- 
velop in the vessel. 

Rfeee/UniOtt Carbide Patent 

This design utiles a converging conical section all 
the way to the top of the vessel in lieu of a vertical 
cylinder section. The rationale for such a design is as 
follows: as gas flows upward through a material from 
a higher to lower pressure environment, the gas ex- 
pands, which causes its velocity to increase. By pro- 
viding the largest cross-sectional area at the top of the 
vessel where the gas velocity is at its maximum and 
the solid's stresses are at a minimum, risk of fluidira- 
tion of the material is decreased. This patent includes 
a method of gas introduction through a series of per- 
forated tubes at the interface between the slightly 
converging "cylinder" and the more shallow "hopper" 
section [Fig. 4) . 

As with the previous patent, the lower hopper sec- 
tion dictates the type of flow pattern that develops 
above it. This, combined with the interference created 
by the perforated tubes, likely leads to non-uniform 
purging and CTOSS-c^ntaroination dining gcade change- 
overs. 

7. IMPROVED MASS FLOW DESIGNS 

To start with, conditions at the outlet of the vessel 
should be considered. At a minimum the outlet diam- 
eter must be large enough to prevent the formation of 
a cohesive arch. This dimension can be determined 
from the Flow Function and specific vessel geometry 
being considered. 

A second consideration in outlet sizing is the dis- 
charge rate required. Using the permeability and com- 
pressibility of the resin, the critical steady state rate 
through various outlet sizes can be calculated. Cer- 
tainly, this dimension must exceed the minimum nec- 
essary to achieve the desired discharge rate. An obvi- 
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perforated tubes 
for gas introduction 



Ftg. 4 + Basic uessel seomeiry d^criht^ in JRhee patent (16), 

ous penalty in inaldng the outlet much larger than 
this minimum is the cost of the rotary valve used to 
control the discharge rate. Another factor which must 
be taken into consideration is the type of rotary valve 
used, the amount of gas leakage through it (particu- 
larly if the resins are discharging into a higher pres- 
sure environment), and whether or not the valve is 



vented. All of these factors influence the critical, 
steady state discharge rate achievable through the 
valve, and in turn achievable through the vessel. 

The next step is to determine the appropriate angles 
far the -walls of the vessel's hopper (the section that 
changes in cross-sectional area* typically converging). 
Jenike (6) presented design charts (see Fig. 5 for an 
example) by which the maximum mass flow hopper 
angles (6c. measured from vertical) can be determined. 
This angle is a. Junction of the wall friction angle be- 
tween the bulk solid and hopper wall material, and 
the bulk solid's effective angle of internal friction. 
Designing right to this limit for conical hoppers is 
unwise because it eliminates all safety factors. If, for 
example, the actual wall surface is slightly more fric- 
tional or locally less steep than the mass flow limit, 
flow at the wall w£fl cease, resulting in a funnel flow 
pattern. Typically, a safety factor of 3 to 5 degrees is 
sufficient to minimize if not eliminate such problems. 

&. VELOCITY PROFILE CONSIDERATIONS 

As a hopper's slope approaches the mass flow limit, 
the resin will exhibit an mo^asingly significant veloc- 
ity gradient in the hopper section (17-21J. The reason 
particles near the hopper wall flow more sluwly than 
those along the centerlinc is obvious: they are sliding 
against a stationary surface, whereas* particles at the 
centerline have no such resistance, so they have max- 
imum velocity- This effect becomes particularly notice- 
able when the properties of the resin introduced into 
the vessel change abruptly (e.g., during a reactor 



5* Typical plot showing mass j/ 
Jlaw IhnUsJbr q conical hopper. ™ 




i — \ — r~r 

>° 10° 20° 30° 40° 5<r 



1806 



POLYMER ENGINEERING AND 



1990, Vol. 39 r No. 9 



Received at the EPO on Jul 02, 2009 1 0:08:02. Page 85 of 93 



02-Hei-2009 10:59 european patent office 0999498923994465 



86/93 



Uniform Purging qf Resins in Contact Bed Purge Vessels 



E 

1 i. 

o *tf 



1.0 
0.9 
0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
0.0 







-— r 






































i 




















i 


i 




















4 




































L 


i 
























r " 














I 
































< 


i 

) 1 


0 2 


0 3 


1 

0 40 jS 




^60 7 



Volume discharged after switch to new product, 



effective angle of 
internal friction: 45° 

wall friction angle: 15 * 

hopper angle: 20 * 

surcharge angle: 0° 

vessel diameter: 3 m 

mix volume 



J% P 0- Definition of mix uoZwre; plot shows jraction of new material in output stream corresponding to a step change in the input 
stream. - 



Provided the hopper section is designed to provide 
mass flow and there is some Tntni-mnTn level (typically 
half to three quarters of the vessel diameter) in the 
cylinder section (vertical section}, the resin velocity 
profile in the cylinder secSion can usually be consid- 
ered to be uniform (i.e. . plug flow}. However, the veloc- 
ity gradient in the hopper section (the section that 
changes in cross sectional area, e.g., converges) will 
cause some degree of mixing of the two grades. This 
mix volume 6,e„ the volume of resin discharged be- 
tween the time a particle of the new grade first ap- 
pears until the last of the old grade is discharged) can 
be calculated using a proprietary computer model- 
The key variables influencing the magnitude of mix 
volume are the resin's effective angle of internal fric- 



tion, wall friction angle, hopper angle and angle of 
surcharge. Atypical result is shown in Fig. 6. 

O- EFFECT Or TOP SURFACES CONTOUR 

The surcharge angle (angle of repose} of the resin 
th&t forms at the exposed, top Surface in the vessel is 
important because of the effect this angje has on mix 
volume. Since particles in the hopper section flow- 
fastest along the oenterline, a vessel with a central fill 
and central discharge will generally exhibit less 
volume with an mcreasingjy steep angle of surcharge. 
In addition, the shorter residence time of particles 
along the cylinder walls will somewhat compensate for 
the effect of slower velocity along ifoe hopper walls, 



wall friction angle =15 deg 



surcharge 
angle 

Odeg 




10 15 20 25 

hopper wall angle, deg from vertical 



30 



Fig* 7. Mixed. Trt&tede&foti&xemg instantaneous changeover in. 3 m diameter vesseL 
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dimensionless pressure gradient 
(positive into surface) 




60 



20 30 40 50 

angle of surcharge, degrees, without 
influence of gas flow 

Fig. 8. Angle of stirrfu^e with gasjlnui as « Junction ofgax pressure gradient ami tmgh? of surcharge mahout gas. 



thereby causing the mbc volume to decrease as Hie 
angle of surcharge increases. An example of this effect 
is shown Sn Fig. 7. A3 m diameter by 6 m tall cylinder 
has been assumed, along with wall friction anglt* of 15 
degrees and an effective angle of internal friction of 45 
degrees. The limiting angle for this mass flow cone is 
33 degrees (from vertical). Note that for a given cone 
angle, there is an angle of surcharge which produces 
minimum mix volume. Above and below this angle, 
the mix volume increases. 

The angle of snrcharge of a bulk solid is not single 
valued. It can vary significantly depending, for exam- 
ple, on the mode of filling the vessel (e.g., pneumatic 
vs. gravity drop, center fill vs. distributed). Another 
significant variable is the magnitude of the gas pres- 
sure gradient acting on the resin particles at tfre top 
surface. This effect (S). which is illustrated in pig. Q 7 is 
strongly influenced by the amount of purge gas intro- 
duced, size of vessel, and the temperature and pres- 
sure of the gas, Pox purge vessels where the g«R rate 
approaches incipient flrndizatiorx at the top surface, 
the angle of surcharge wffl be quite shallow, making 
solids velocity gradients (and resulting mix volumes) 
more pronounced^ 

Gas distribution may not tie uniform across the ves- 
sel's cross-section, particularly if the gas is added at 



ox near to the bottom of the cylinder. Experience sug- 
gests that the height at which the gas attribution can 
be considered uniform is typically on the order of half 
the characteristic length dimension of the gas distrib- 
ution system. Thus, tor example* if gas is introduced 
through or near the cylinder walls all around their pe- 
riphery, this characteristic length is the vessel diame- 
ter, so roughly half a cylinder diameter of height is 
"tost" in terms of purging the resins. On the other 
hand, if gas is Introduced near the centerline of the 
vessel and near the cylinder walls, this cuts the char- 
acteristic length in half. As a result, only about one 
quarter of a cylinder diameter is "lost." Using cross- 
beams (22. 23) reduces the characteristic dimension 
even more, resulting in most of the cylinder section 
being available for purging. 

Gas pressures and flow rates, and their effect on 
solids flow, can be analyzed by using a two-phase flow 
computcr program (5), As an example of the results, 
let us assume a vessel having the dimensioxis shown 
in Fig- 9. The relevant flow properties of the bulk solid 
t are: 

40 degrees 



Effective angle of 
internal friction 
Wall friction angle 
Bulk density range 
Particle density 
Permeability 



19 degrees 

690toS201cg/m 3 

l T 400kg/m 3 

<X005 to 0J015 m/sec 
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gas velocity ihcn may exceed v m f When solids are discharged from a purge bin via roLary 
fcedcr into ambient conditions (Fi& 2c), them the purge gas flow may tend to leak out 
downwards through the rotary feeder instead of passing through the fixed bed, because the 
downward pressure drop then may be smaller. This m^/ negatively irtrl uence the purging 
performance. 



TnTnrrn rrr 





Fig, 2: Limitations from Gas Velocity and Leakage Flow 
5 Structural Design Consi derations 

Structural design of purge bins is to be based on the solids and gas pressures prevailing in the 
bin. These two pressure profiles have to be added to derive at the total design pressure of the 
purge fain. The solids pressure may be calculated according to the applicable national or 
international standard. The respective German DIN 1055 Part 6 (1987) states that gas 





Fig. 3. 



? oi pressure 

Solids and Gas Pressure Distribution in a Purge Bin 



pressure 
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pressures from drying processes have to be fuJly taken into aecounL in addition TO trie wail 
pressures &i the level of injection These gas pressures may be decreased linearly towards the 
pressure at the top surface Respectively, this holds for a decrease towards she oui3et and its 
respective pressure £eveL In case of a gas-tight closure of the purge bin outlet dudng purging 
e.g. above another pressure system or in non-continuous operation, then the gas pressure may 
not be decreased for structural design purposes, but has to be kept constant 

Careful consideration has to be paid to the influence of any gas-dismbuling internals on the 
pressure profile and thus the wall loads- Internals may create some kind of a local switch, 
resulting locally in higher loads on walls and internals. If the flow through or around these 
internals is not uniform, then extremely high load differences may act on the internals. Thus, 
minimizing the number and extent of internals will help designing structurally safe purge bins, 

6 Summary 

Purge bins can be designed for most "applications successfully and reliably if the relevant flow 
properties for mass flow design and no-archtng as well as the limitations resulting from the 
minimum fluidization velocity v m f are considered. The pressure drop across the height of the 
purge bin can be calculated according to known equations, 

More knowiedge is desirable about the local gas distribution around the gas injection points, 
whether they are ring-shaped or nozzles. Since the bulk solids are not homogeneous in 
density* it is so far only possible to obtain conservative results for arching under counter- 
current gas flaw. The influence of internals on the wall pressure distribution is not yet fully 
understood and has to be improved by model experiments and development of calculation 
procedures. Because of this Lack of knowledge* structural design of bins with internals is 
excluded from some oodes. 
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